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I. INTRODUCTION 


Aslitee The Salinity Problem 


The salinity problem is the most serious water quality problem in the 
Colorado River system. The average annual salt load of the Colorado River at 
Hoover Dam has been estimated to be more than 10 million tons annually, based 
on data for the period 1942-1961 (Bureau of Land Management, 1978). Further 
downstream at Imperial Dam the salinity level in terms of concentration 
averaged 865 mg/l in 1971, with a projected increase to 1340 mg/l by the year 
2000. In the text of Public Law 96-375, annual economic damages resulting 
from salinity are estimated in 1979 dollars to be $343,000 per mg/l increase 
at Imperial Dam. Clearly economic considerations, as well as water quality 
standards and international concerns over salinity of the water flowing into 
Mexico, require consideration of all possible methods to reduce salt loading 
in the Colorado River system. 

Increases in salinity concentrations from the headwaters to the mouth of 
a river result from the two basic processes of salt loading and salt concen- 
trating. Salt loading is the addition of mineral salts from natural and man- 
made sources resulting in increased salinity due to increased total salt 
burden. Salt concentrating effects are produced by streamflow depletions, 
resulting in increased salinity by concentrating the salt burden in a smaller 
volume of water. An evaluation by the EPA (1971) indicated that 74 percent of 
the average salinity concentrations of the Colorado River at Hoover Dam for 
the 20-year period from 1942-1961 were attributable to salt loading factors. 

Salt loads are contributed to a river system from natural and man-made 
sources of both point (discrete) and nonpoint (diffuse) origin. Natural non- 
point sources result from the passage of precipitation (rain or snow) induced 
runoff through saline soils and geologic formations (the runoff components 
include overland flow, channel flow and ground water flow). In contrast, man- 
made nonpoint sources include irrigation, or irrigation return flows, through 
saline soils and geologic formations. Other sources of salt loading are man- 
made point sources (municipal and industrial waste discharge) and natural 
point sources (mineral springs, seeps or other identifiable point sources). 

Diffuse overland flow from public lands (lands under the jurisdiction of 
the BLM) is estimated to produce eight percent (700,000 tons) of the total 
Upper Basin salt load (BLM, 1978). The greatest quantity of this salt comes 
from rangelands that are relatively well covered with perennial vegetation and 
receive more than 12 inches average annual precipitation (67 percent of all 
public lands). Under these conditions, concentrations may be low, however 
total water yield can be high. The other significant overland flow source of 
salt from public lands are those areas containing saline geologic formations 
and soils. These lands receive less than 12, and typically six to eight, 
inches average annual precipitation (BLM, 1978). However, the storms 
generating this amount are primarily late summer thunderstorms of short dura- 
tion and high intensity in very localized areas. Consequently, surge flows 
often develop in the valley channels, eroding and transporting large quan- 
tities of sediment. Under these precipitation conditions, vegetative cover is 
sparse and any use that disturbs the land causes increased erosion and sali- 
nity from overland flow. Possible disturbances to rangeland include grazing, 
off-road vehicles (ORV) and mineral-energy exploration and extraction. 


1.2 Livestock Grazing Impact 


Livestock grazing can have a significant effect on the hydrologic char- 
acteristics of rangeland, particularly the salt content of surface runoff. 

The degree of impact from grazing depends on the management practices 
followed. Damage occurs to rangeland when the carrying capacity of a par- 
ticular region has been exceeded. Dasmann (1972) defines carrying capacity as 
the number of animals that can be carried on a plot and kept in good condition 
without damage to the range forage. Carrying capacity is therefore a function 
of the soil, climate, native vegetation and the tolerance of the vegetation to 
grazing. Areas of rangeland with deep soil and sufficient water have signifi- 
cantly more carrying capacity than those areas with rocky, arid conditions. 

Overgrazing can weaken rangeland and create a condition of extreme sen- 
sitivity to prolonged periods of deficient soil moisture. Loss of vegetation 
promotes increased runoff and soil loss and alters the long-term balance, or 
equilibrium, of hydrologic processes that the rangeland has established. This 
impact was first observed on a large scale during the severe drought from 
1933-1939 on the Great Plains rangelands where studies show (Albertson et al., 
1957) loss of vegetation cover on heavily grazed ranges averaged nearly double 
that occurring on moderately grazed ranges, and more than double that 
occurring on ungrazed ranges. 

The trampling effect of livestock can affect infiltration and runoff as a 
result of soil compaction and surface disturbance. Additionally, trampling 
can destroy both above-ground and underground portions of plants, resulting in 
a decrease in the quantity and vigor of the vegetation. These processes 
together can result in greater erosion and soil loss. Depending on the mecha- 
nisms of salt pickup, this can produce greater salt loading on downstream 
watersheds. 

Different species of range plants have considerably different tolerance 
to grazing pressure. Each year perennial grasses produce a certain surplus of 
growth that can be safely grazed without damage to the plant. However, plants 
also have a necessary metabolic reserve requirement. This relates to the 
minimum leaf area and stems required to carry on photosynthesis for building 
and storing foods in the crown or root system. Annual grasses (those that die 
each winter) could theoretically be grazed to the roots, after going to seed, 
without damage to future generations. In reality, with annuals and peren- 
nials, a minimum amount of leafage and stem must be maintained to provide soil 
protection and to provide favorable conditions for germination. Therefore, 
grazing practices that eliminate the surplus and also the reserve portions of 
the plant can weaken or destroy rangeland. . 

Under heavy grazing the taller plants that generally make up the climax 
vegetation of prairies disappear and are usually replaced by more resistant 
grasses, often sod-forming. These grasses grow nearly horizontal to the 
ground and are less easily cropped by grazing. However, under continued heavy 
grazing even these will disappear, leaving bare ground where relatively unpa- 
latable weeds will seed. 

A classification scheme for range plants places different species in 
three general categories (Swenson et al., 1970; Dasmann, 1972). There are 
(1) decreasers, the tall climax grasses that are nutritious and highly pre- 
ferred by livestock, and therefore the most valuable forage plants on the 
range, which decrease in number under moderate grazing; (2) increasers, spe~ 
cies also present in the climax but in a lesser amount or subordinate posi- 
tion. They are often sod formers and are also nutritious and eaten well by 


ce 


livestock , but better able to withstand grazing use. These species increase 
in number or in space occupied as the tall climax grasses diminish. With very 
heavy grazing pressure even the increasers are killed out, and their place is 
taken by (3) invaders, native or exotic weeds or woody plants of low forage 
value, little use by livestock and generally not as well adapted to main- 
taining or holding the soil as the original vegetation. Therefore, proper 
range management includes maintaining a balance between increasers and 
decreasers and keeping the invaders to a minimum. 


1.3 Project Objectives 


Minimizing the adverse effects of grazing, particularly those related to 
salinity, requires the development of a management plan. Unfortunately, very 
little data are available on the effects of livestock grazing on salt con- 
centrations in surface runoff. Therefore, the initial project objective was 
to develop a large data base from field investigations, using rainfall simula- 
tion techniques. The data base would then be used to quantify and analyze the 
effects of trampling by livestock on infiltration rates, runoff, sediment pro- 
duction and salt content of surface runoff from Mancos Shale-derived soils. 
Specific hypotheses to be tested in the analysis of the data were identified 
by BLM management. The hypotheses related to the hydrologic effects of 
varying degrees of livestock trampling, specifically: 


The effects are measurable 
- The effects on runoff, salt and sediment production far outweigh the role 
of plant cover normally encountered on Mancos sites, and characterizing 


study sites selected. 


- The effects on runoff, salinity and sediment increase with increased per- 
cent trampling disturbances. 


- The effects are dependent upon the interaction of soil texture with ante- 
cedent soil water condition. 


- Various degrees of trampling induce predictable physical changes in the 
soil water infiltration properties of Mancos Shale-derived soils. 


- Effects of excessive trampling on infiltration rates are significantly 
different than those at lesser degrees of trampling. 


In addition, other hypotheses to be statistically tested were: 
- Plot runoff and soil loss are related. 


- Percent bare soil is a good predictor of simulated storm runoff peak dis- 
charge and volume. 


- Total salt production is independent of the amount of soil lost froma 
Mancos site plot via sheet and rill erosion. 


- Infiltration characteristics are independent of percent of plot covered 
by coarse fragments. 


1.4 


The data collected in the study were expected to contain a wealth of 
information concerning the biotic and abiotic processes of grazing, salt and 
sediment production. Therefore, to achieve the maximum return from the study, 
the final objective was to insure this fundamental information was properly 
identified, organized and documented for use in further analyses. 


1.4 Overview of the Scope of Work and Report Organization 


The general premise of the study is that on soils derived from Mancos 
Shale the relative effects of surface disturbance from livestock on infiltra- 
tion rates, runoff, sediment and salt production can be simulated, measured, 
and compared by application of small-plot rainfall simulation devices. There- 
fore, small-plot rainfall simulation devices were used to collect field data 
from test plots under controlled conditions. The study site was located in 
the Price River drainage basin, approximately ten miles northwest of Green 
River, Utah (see Chapter II). A total of 360 runoff events were simulated, 
consisting of three vegetative conditions, four trampling conditions, two 
antecedent moisture conditions and fifteen replications. The data collection 
occurred during the summer of 1981. During the previous summer (1980) a field 
data collection effort was initiated, but not completed for a variety of 
reasons. Chapter III discusses the experimental design for both field seasons 
and briefly discusses the problems of the 1980 field season. Chapter IV 
details the data collection procedures. Sample analysis procedures and tabu- 
lation of data are discussed in Chapters V and VI, respectively. 

A statistical analysis involving descriptive statistics, two sample 
t-tests, analysis of variance, and correlation analysis were used to analyze 
the data and test hypotheses. Chapter VII discusses the analysis techniques 
and presents the results. Chapter VIII discusses the results and Chapter IX 
gives a summary and conclusion. 


II. STUDY SITE DESCRIPTION 


2-1 Local Characteristics of the Study Site 


The study site was located approximately 10 miles northwest of Green 
River, Utah, just east of U.S. Highway 50, with a corresponding latitude and 
longitude of about 39° 05' and 110° 18', respectively. The area is part of 
the Green River drainage basin. Nearby major tributaries to the Green River 
include the Price and San Rafael Rivers. The approximate elevation at the 
study site was 4,050 feet, with topography of gently rolling hills. The soil 
was mainly fine textured and derived from the Mancos formation. Figure 2.1 
shows the general location of the study site and Figure 2.2 the specific 
location. 

Data from a nearby climatological station measuring precipitation, eva- 
poration and temperature with both recording and nonrecording gages were con- 
sidered as being representative of the study area. This station is located in 
Green River, Utah just inside Emery County. The area is semi-arid with an 
average annual precipitation of about six inches and an average annual tem- 
perature of around 50°F. The potential evaporation averages over 40 inches 
for the months of April through August. Precipitation amounts during the 
field season from a rain gage on the study site are given in Table 2.1. 

Representative vegetation in the study area was salt shrub, and was domi- 
nated by two species of saltbush: Matt saltbush (Atriplex corrugata) and 
Nuttall's saitbrush (Antriplex nuttallii). On the upland areas both sulfur 
buckwheat (Eriogonum umbellatum) and evening primrose (Oenothera sp.) were 
associated with the previous two species. A more diverse composition of 
Castle Valley Clover, Nuttall's saltbush, sulfur buckwheat, evening primrose, 
Indian ricegrass (Oryzopsis hymenoides) and tobosa grass (Hilaria jamesii) was 
exhibited in the major drainages. Plate 2.1 depicts the general characteris- 
tics of the area. 


2.2 Regional Climate and Vegetation 


Climate and vegetation in eastern Utah vary with elevation which ranges 
from 4,000 feet near the Green River to over 11,000 feet in the mountains to 
the west. The higher elevations receive more than 30 inches of precipitation 
annually while parts of the lower elevations receive less than 8 inches. 
Weather records indicate extreme seasonal temperature fluctuations ranging 
from over 100°F in the summer to well below 0°F in winter. High summer tem- 
peratures coupled with frequently strong summer winds create high evaporation 
rates and arid conditions. Precipitation in the study region is greatly 
influenced by the Wasatch and Tavaputs Plateaus to the west and north, respec- 
tively. In winter and spring, when air masses approach from the west, these 
high plateaus force the air to rise and release moisture. This process 
creates a rain shadow over the middle and lower elevations of the basins. In 
summer and early fall, the mountains intercept moist air masses from the east 
as air moves up from the Gulf of Mexico. The uplift of air creates convective 
storms over the basins. Storms are most frequent in August, occurring as iso- 
lated, high intensity events and often resulting in flash flooding. From 
October through April most of the precipitation occurs as snow. 

Vegetation ranges from desert communities to subalpine forests. The 
higher elevations support coniferous forest communities, while intermediate 
and lower elevations support mainly pinyon-juniper, salt brush, desert shrub, 
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Figure 2.1. Regions of exposed strata of Mancos formation 
(after Williams, 1975). 
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Figure 2.2. Study area map. 


Table 2.1. 


Date 


May 20, 1981 
May 28, 1981 
May 29, 1981 
June 3, 1981 
June 28, 1981 


June 29, 1981 


Precipitation Amounts During the Field Season. 


Precipitation (inch) 





Plate 2.1. 





Study area looking northwest across 
Replications 7 through 10. 
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and big sagebrush communities, with greasewood in narrow bands along the 
streams. In general, principal plant comminities in the headwaters are 
Subalpine forest and big sagebrush (Artemisia tridentata) with a mixture of 
pinyon-juniper (Pinus edulis-Juniperus osteosperma), shadscale (Atriplex 
confertifolia) and greasewood (Sarcobatus vermiculatus ) in the middle and 
lower portions of the basin (Connon, 1960; Shantz and Zon, 1964). 


23 Regional Geology and Soils 


The study site was located in an area that is part of the physiographic 
unit known as the Colorado Plateau Province. The Colorado Plateau Province is 
essentially a sedimentary province characterized by flat-lying sedimentary 
rocks, few intrusive igneous rocks and relatively simple fault and fold struc- 
tures. The sedimentary rocks associated with this area are characterized by a 
deposition environment of alternate advances and retreats of seas from the 
western part of the state. Sands and muds of shallow environments were suc- 
ceeded in deeper water by thick sequences of limestone, shale and dolomite. 
The geologic formations, or members which have been instrumental in contri- 
buting salt to lands in the Upper Colorado River Basin of Utah, are summarized 
in Table 2.2 in order of oldest to most recent. 

As Mundroff (1972) noted for the Price River, "Most of the central basin 
is underlain by the Mancos Shale of Cretaceous age, a marine shale that is 
commonly carbonaceous or gypsiferous. The Mancos Shale is the predominant 
geologic influence on the chemical quality of the water in the central basin." 
The Mancos shale is divided into three distinct members, Masuk, Blue Gate, and 
Tununk, which are separated by identifiable sandstone fingers (Table 2.2). 

The Blue Gate member contains large quantities of evaporites and gypsum 
(Thorne, et al., 1967). Numerous saline deposits are observed on soils 
derived from this geologic member. Below the Blue Gate member, separated by 
the Ferron sandstone, is the Tununk, which is the oldest member of the Mancos 
formation in the area. 

A detailed soil survey by the Soil Conservation Service (SCS) is limited 
to a narrow band of predominantly agricultural lands between the Wasatch 
Plateau and’ the San Rafael Swell, commonly known as Castle Valley (Swenson, et 
al., 1970). However many of the soils present elsewhere throughout the basin 
are described in the survey. In general, the soils evolved from three main 
types of parent material (Swenson, etal., 1970). Soils derived from residuum 
shale and sandstone are typically saline and contain high concentrations of 
gypsum. Soils resulting from glacial outwash derived from sandstone and 
quartzite are calcareous and have good drainage. Soils formed by weathering 
of alluvium or colluvium of shale or glacial outwash are generally poorly 
drained and contain numerous salts. The soil associations of Castle Valley 
reported by the SCS (Swenson, et al., 1970) are summarized in Table 2.3. 

Soils within the Saltair-Libbings and the Chipeta-Persayo-Badland asso- 
ciations are considered to be prime sources of salt. All these associations 
form over gypsum-bearing shale, while the Saltair and Libbings are reported as 
having 2 percent salt within 20 inches (51 cm) of the surface and their pro- 
files contain distinct gypsum horizons (Swenson, et al., 1970). 

Much of the area contains soils classified as entisols and aridisols. 
Entisols are youthful soils in which no soil horizons are apparent. 
Regionally, entisols occur in arid and semiarid zones and are normally saline. 
Entisols are very fragile soils that yield large sediment and salt loads when 
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Table 2.2. Geologic Formations or Members Contributing Salt 
to Lands in Eastern Utah (from USBR, 1975). 


Approximate 
Thickness 

Name Age (feet) Description of Materials 

Moenkopi Early Triassic 0-400 Brick red-colored mudstone of 
of fresh and brackish ponds, 
playas, and shallow seas. 
Beds of gypsum and casts of 
salt cubes included. Slightly 
to moderately salty. 

Chinle Late Triassic 0-350 Variegated mudstones and 
shales of slight to moderate 
salt content. 

Carmel Early Jurassic 150-650 Gypsum, red and green shale. 
Slight to moderate salt 
content. 

Curtis Jurassic 75-250 Slight to moderate salt 
content. 

Summerville Late Jurassic 260-330 Chocolate siltstone with 
gypsum veinlets. Slight to 
high salt content. 

Morrison Late Jurassic 250-400 Varicolored mudstones and 

(Brushy Basin) lacustrine limestone of con- 
tinental origin of possible 
semiarid conditions. Includes 
reworked volcanic ash. Slight 
to moderate salt content. 

Cedar Mountain Early Cretaceous 250-700 River floodplain deposits. 

Shale Slightly saline. 

Mancos Shale 

Tununk member) 400-700 Grayish, drab shales of marine 
Blue Gate member) Early Cretaceous 1,500+ origin (last of seas in Utah). 


Masuk member) 0-800 Moderately to highly saline. 


Name 


Tropic Shale 


Wasatch 


Green River 


Uinta 


Duchesne River 
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Table 2.2 (continued) 


Approximate 
Thickness 
Age (feet) 


Early Cretaceous 610-640 


Paleocene 500-2,000 
Eocene 1,000+ 
Eocene 2,500-3,000 
Oligocene 1,500 


Description of Materials 


Similar to Mancos but occurs 
only in southern Utah. Mod- 
erately to highly saline. 


Colton member is reddish-brown 
and tan silty shale and sand- 
Stone. (Three members in the 
Price-Soldier Summit area). 
Largely nonsaline-alkaline. 


Green, calcareous siltstone 
oil shale. Nonsaline to 
slightly saline. 


Slight reddish fluviatile 

and lacustrine sandstone, silt- 
stone, and shale. Slightly to 
moderately saline. 


Reddish, gray, buff sandstone 
and sandy shale. Slightly 
saline. 


Table 2.3. Soil Associations Present in Castle Valley 
(after Swenson, et al., 1970) 





Association Brief Description 





1. Chipeta-Killpack Moderately fine textured soils that are well 
drained and shallow to moderately deep over 
shale; on uplands that are gently rolling and 
sloping to moderately steep slopes. 


2. Ravola-Billings-Penoyer Medium and moderately fine textured soils, 
that are well drained; on near-level 
alluvial deposits. 


3. Saltair-Libbings Moderately fine textured soils that are 
moderately deep and salty; on lowlands and 
foothills. 

4. Sanpete-Minchey Moderately fine textured soils forming over 


gravel; on benches, mesas, and alluvial deposits. 


5. Chipeta-Persayo-Badland Moderately fine and medium textured soils that 
are well drained shallow over shale and 
eroding shale outcrops; on uplands. 


6. Rock Land-Shaly Colluvial Gently sloping to very steep, shallow to deep, 
Land-Castle Valley- gravelly and stony soils, and rock land; on 
Kenilworth benches and hills. 
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disturbed or compacted. Aridisols also occur in arid and semiarid zones. The 
moisture content of aridisols is low because of low precipitation and high 
runoff rates. High runoff results from high intensity storms and from high 
clay content of soils or impervious soil crusts. Aridisols are also very 
unstable and erodible when the surface layer is disturbed. 

The 1977 Status Report on the Effects of Surface Disturbance on the 
Salinity of Public Lands in the Upper Colorado River Basin (BLM, 1978) has 
considered the inherent physical and chemical soil properties that have impor- 
tant influences on salt movement. Some of the more significant results are 
reviewed in the following paragraphs. 

Soils on exposed Mancos Formation are fine-textured and nonsaline in the 
first 12 inches, but become saline at greater depths. Soil texture is 
reported to have a significant influence on runoff, up to a threefold increase 
from a medium to a fine-textured soil. Since Mancos Shale soils are fine- 
textured, a relatively high degree of runoff can be expected to occur. 
Additionally, the clay content of Mancos Shale produces a high degree of 
swelling whereby permeability decreases and runoff increases. Particle size 
is also important to compaction; medium-textured soils (greatest range of par- 
ticle size) compact the most. Soils that are high in organic content have 
reduced compaction since the plant material acts as a cushion and prevents 
pore space from being filled. 

Mancos Shale-derived soils are high in calcium, magnesium, sodium and 
potassium cations. Gypsum (CaCOg * 2H20) is reported as the most common com- 
ponent of salt. Gypsum solubility increases 1.7 times by the addition of 
sodium chloride and magnesium chloride. The runoff of Mancos Shale-derived 
soils generally becomes saturated with gypsum when the electrical conductivity 
(EC) is about 2500 umhos/cm, (EC is a measure of dissolved solids and provides 
an estimate of salt content). 

Soil chemical and physical properties are interrelated. For example, the 
cation exchange capacity, defined as the ability of a soil colloid to hold 
cations, is dependent on the colloids present (clay content), the type of 
colloids (mineralogy) and the organic matter content. The cation exchange 
capacity of a soil is an important parameter because it determines the 
nutrient holding capacity and the nutrient requirements of a soil. 

Under heavy grazing, or other activities resulting in compaction, soil is 
generally shallower, plant roots decrease greatly with depth, and bulk density 
is increased. These changes influence water infiltration and reduce per- 
colation rates. The reduced infiltration and percolation create long-term, 
low-water storage that reduces the intensity and vigor of vegetation. On 
ungrazed rangeland soils typically exhibit high infiltration and percolation 
rates and abundant, deeply rooted plants use the stored soil moisture. These 
plants contribute to the granular structure and increased porosity of soil, 
thereby maintaining infiltration, percolation and water storage. 

A complicating factor related to soil permeability, infiltration and per- 
colation is the extent of a soil condition known as vertic-intergrade. A 
clay-rich soil can possess a blocky structure and exhibit large cracks which 
provide conduits of rapid downward flow. Based on personal observations and 
communications, a condition nearly equivalent to the vertic-intergrade con- 
dition is estimated to exist on about one-third of all the Mancos Shale- 
derived soils in the project area, and could be a significant contributor to 
the salt loading mechanism of ground water. Additionally, this soil condition 
could contribute to the accumulation of salt evaporite often occurring at the 
surface of saline soils. It is hypothesized that during a rainfall event, the 
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lower soil profile is rapidly wetted through the vertical cracks. Soil water 
within these layers is held at a relatively high soil-water potential compared 
to the upper layers, which are drier (lower soil-water potential). The water 
in the lower profile may reach the root zone and become utilized by the 
plants. Alternatively, it may reach overlying soil layers through capillary 
rise and evaporate at the surface. Hence, any salts within the soil water are 
concentrated on the soil surface. 


2.4 Regional Hydrology 


Most of the area's water supply comes from spring snowmelt in the higher 
elevations. In the lower portions of the drainage basins, stream channels are 
deeply eroded below the adjacent lands. Runoff from the lower areas is erra- 
tic, much of it being the result of violent thunderstorms in late summer and 
early fall. While these storms are difficult to monitor and analyze, they are 
potentially major transport mechanisms for salt loads. Runoff from these 
storms is characterized by high flows of short duration with heavy loads of 
salt-bearing sediments. Many of the tributary streams flow intermittently, 
varying through the year from no flow to thousands of cubic feet per second. 
Ground water in moderate quantities is available from aquifers which are in 
bedrock or consolidated formations. The bedrock generally yields water slowly 
to wells but can yield water readily when the formation is fractured. 

Recharge to the ground water system in the area occurs from precipitation 
which falls on permeable formations that crop out along the flanks of moun- 
tains or folds. Surface streams that flow across these permeable formations 
also provide a source for recharge to the ground water system. Recharge in 
the valleys is small because of the low normal annual precipitation. 


2.5 Historical Industry and Agriculture Trends 


The principal means of livelihood in the region are coal mining and 
related activities. The upland areas contain numerous underground mines which 
serve as the principal source of coking coal in the western United States 
(Hackman, Bigler, and Kirk, 1968). Coal produced from these mines is shipped 
by rail or truck to steel mills in Utah and California. 

In general, farming and ranching are confined to the central and lower 
basins. The lack of precipitation and poor soils of the area restrict both 
activities. Currently all soils in cultivation require irrigation. Irrigated 
lands raise sugar beets, hay, feed corn, and grains. The range lands are 
grazed by both cattle and sheep. However, most of the range sites in the 
basin are in poor to fair condition (Swenson, et al., 1970). The majority of 
livestock producers in the area own small herds (less than 50 cattle and/or 
less than 600 sheep) and supplement their incomes by working in the local coal 
mines or for county or state governments. 

The experience of more than 90 years has demonstrated that the land is 
unsuitable for agriculture without irrigation, that water is not plentiful, 
and that, of the considerable acreage once thought reclaimable, only a small 
part could be profitably cultivated. Thus, the principal use of vast land 
areas is grazing for cattle and sheep, and on the small cultivated areas, pro- 
duction of hay and grains for winter and supplemental feeding. Livestock is 
generally shipped to large feeding and fattening operations outside the State. 

Agricultural statistics for Emery County (from USBR, 1975) are shown in 
Table 2.4. When the value of products sold is equally divided, the gross 
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Table 2.4. Agricultural Statistics for Emery County 


(USBR, 1975) 


Farm and farm land 
Number of farms 
Average farm size 
Irrigated acres per farm 
Values of agricultural products sold 
Crops (including forestry) 
Livestock and products 
Total Value 
Value of farms and expenses 
Value of land and buildings 
Market value of machinery and 
equipment 
Farm production expenses 
Crop land and production 
Wheat 
Acres 
Production 
Corn for silage 
Oats 
Acres 
Production 
Hay 
Acres 
Production 
Barley 
Acres 
Production 
Livestock 
Cattle and calves 
Sheep and lambs 


Unit 


No. 
Acres 
Acres 


Acres 
Bu. 
Acres 


Acres 
Bu. 


Acres 
Tons 


Acres 
Bu. 


No. 
No. 


Emery 


353 
798 
109 


300,000 
2,329,000 
2,629,000 


7,216,000 
2,620,000 


2,195,000 


1,652 
2,845 
1,428 


1,785 
95,621 


15,254 
1,418 


551 
29,916 


22,960 
18,851 


pa be 


sales of $8,200 per farm is a relatively low figure. Because of the area's 
isolation, the long distances to markets, and the lack of a dependable water 
supply, no cash crops of any significance are grown. 


2-6 Related Salinity Studies 


Ponce (1975) studied the processes of overland flow and its relation to 
salt transport on undisturbed rangeland in the Price River Basin. The speci- 
fic objectives of this study were (1) to determine the role of overland flow 
on salt movement for selected land types, (2) to determine the relative magni- 
tude of surface erosion associated with overland flow and its role in the salt 
release process, and (3) to develop a nonpoint source loading function to pre- 
dict salt production from diffuse sources. The initial studies performed by 
Ponce were at the reconnaissance level, to spotlight the major salinity source 
areas as defined by the geologic origin of the soils. 

A summary of the results is given in Figure 2.3. This figure shows 
(1) highest concentrations of salts in surface runoff are obtained in the ini- 
tial stages of runoff (first 13 to 18 minutes), (2) the Undivided Mancos and 
the Lower and Middle divisions of the Blue Gate member produce conspicuously 
high salt concentrations in the surface runoff, and (3) the quality of most of 
the surface runoff water is fairly high relative to the Price River. Ponce 
estimated that roughly 0.5 percent of the total salt load of the Price River 
at Woodside was contributed by overland flow. 

Additional testing by Ponce found rainfall intensity to be related to 
runoff salinity through two basic processes. First, when a change in rainfall 
intensity was not accompanied by a direct change in erosion rate, the salinity 
of the runoff varied inversely with rainfall intensity, suggesting that the 
dilution phenomenon dominates. Second, when rainfall intensity was increased 
and accompanied by erosion, salinity of runoff varied directly with intensity, 
suggesting that salinity was directly related to the mineral salts associated 
with the sediment. These two processes are similar to Hillel's (1980) concept 
of flux-limited versus profile-limited processes of infiltration. 

Channel flow processes range from rill and gully development on 
hillslopes to the major streams and channels draining a watershed. As these 
channels traverse saline geologic formations and soils, additional salt pickup 
can occur. In a continuing research effort related to the work of Ponce, 
White (1977) considered salt production from small ephemeral channels in the 
Price River Basin. Salinity in channelized surface runoff was found to be 
closely related to accompanying channel erosion. A simple linear function was 
found to adequately describe the relationship. The coefficients of the rela- 
tionship were site related and associated with measurable soil chemical and 
physical properties. In a fashion similar to Ponce, White estimated the salt 
load contribution from microchannels on Mancos members to be 2.4 percent. 
White concluded that research is needed to expand the salt-sediment concept to 
areas other than the Price River Basin. 

A related study also found erosion processes to be particularly signifi- 
cant to salt loading. Laboratory and field studies by Sunday (1979) indicate 
that on Mancos shale soils, slope and the effects of rilling contribute to 
high levels of salt in runoff. Slope is identified as a major factor in areas 
which potentially contribute high levels of salt to runoff by: (1) the slope 
relationship derived in field studies, (2) increased rill lengths on steep 
slopes, demonstrated by computer simulation and corresponding increased sedi- 
ment yields, and (3) the EC-velocity relationship developed in a laboratory 
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Figure 2.3. Mean electrical conductivity of surface runoff for selected 
geologic types. Time is from the beginning of rainfall (from 
Ponce, 1975). 
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experiment. Rilling is a dominant salt transport mechanism as evidenced by: 
(1) increases in EC of the runoff after rilling was noted in hillslope stu- 
dies, even if rilling does not occur immediately, (2) increases in EC caused 
by agitation from higher velocities, (3) higher salinity potential of the 
lower, unweathered layers of shale exposed by the rilling, and (4) increases 
in EC associated with increasing the surface area exposed to flow. Field stu- 
dies of salinity in runoff were conducted by applying runoff directly to the 
hillslope through a perforated pipe and, secondly, by rainfall simulation to 
produce runoff. Average EC was found to increase with increasing values of 
slope and rilling of the hillslope. 

Additional studies have shown (Laronne, 1977; Shen, 1981) that EC 
measurements of surface runoff are not reliable indicators of the total salt 
yield of the area. Results of research reported by Laronne suggest that 
sediment-laden water from streams such as the Price River, often in 
equilibrium with respect to gypsum, may contribute increased quantities of 
salts to more diluted rivers such as the Green and the Colorado. In addition, 
higher channel velocities and increased turbulence will produce higher disso- 
lution rates. Therefore, sediment is an important contributor to salt yields 
from geologic formations containing large amounts of salt, such as the Mancos 
and Mesa Verde. Laronne also found that addition of distilled water to 
sediment-laden water taken from the Price River increased salt yields as much 
as 500 percent. 

Research by scientists at the University of California, Davis, has been 
conducted at the West Salt Creek watershed (Whittig, et al., 1979; Tanji et 
al., 1977), which discharges into the Colorado River near Grand Junction in 
west central Colorado. Results substantiate the general conclusion that 
geologic strata of the Late Cretaceous Mancos formation are the major source 
of mineral salts in the watershed. Additionally, the results have 
demonstrated the great variability in mineral salt content and mineral salt 
species that exists between different stratigraphic units of the Mancos for- 
mation, and between physiographic landforms and soils developed thereon. 
Combined laboratory and field investigations have provided the basis for deli- 
neation of four major geologic formations and six geomorphic landforms within 
the watershed that can be categorized by low, intermediate or high soluble 
salt levels. Exposed, highly dissected nonmarine sedimentary geologic strata 
of the Mesa Verde, Wasatch and Green River formations provide the surficial 
features of the upper, approximately three-fourths of the watershed. In 
general, these three formations were found to be low in soluble salts, 
yielding electrical conductivities (EC) in 1:5 extracts (mineral matter: water 
suspensions) of from 0.15 to 0.90 umhos/cm. The lower reaches of the 
watershed, dominated by marine shales and interbedded sandstones of the Mancos 
formation, exist as old erosional surfaces, pediments and cuestas, with gently 
sloping relief. Stabilization by resistant sandstone lenses, by stream gra- 
vels laid down on the erosional surfaces, or by carbonate caliche were found 
to effectively shield the underlying highly saline Mancos shale from erosion 
and leaching, resulting in very low soluble salts (EC 0.06 to 0.37 umhos/cm). 
However, where downcutting streams have dissected and eroded pediment and 
cuesta surfaces, large areas of highly dissected, highly saline Mancos shale 
badlands, as well as low-relief erosion-smoothed Mancos shale, are exposed, 
resulting in higher EC (EC 2.12 to 4.80 umhos/cm) and were considered to be 
the major source areas for soluble salts discharged from the watershed. The 
most extreme levels of soluble salts occurred at evaporative surfaces near 
seeps in Mancos shale and stream bank alluvium, and in dry stream beds (EC as 
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high as 72 umhos/cm) that are particularly subject to dissolution and 
transport as storms or snow runoff increase channel flows. The specific 
soluble salts identified were Na, CO,, HCO., Cl and SO. Soluble ions derived 
from Mancos shale, as reflected in evaporite specifics in associated salt 
efflorescence, were predominantly Ca, Na, Mg and SO. Additional laboratory 
studies have been conducted examining the role of the Mancos shale cation 
exchange complex as a contributor of soluble ions (Evangelou et al., 1981a) 
and the magnitude and rates of dissolution of Ca and Mg from alkaline earth 
carbonates and of desorption of Ca and Mg from the cation ion exchange complex 


(Evangelou et al., 1981b). 


cyyal 
LURES EXPERIMENTAL DESIGN AND ESTABLISHMENT OF TEST PLOT CONDITIONS 
seul 1981 Field Season 


The 1981 field season was designed to collect data under 24 conditions 
with 15 replications, resulting in 360 total runs. The 24 conditions con- 
sisted of three vegetation types (matt, nuttal, bare) and four trampling 
intensities (none, minimal, moderate and excessive) tested under dry and wet 
antecedent soil moisture. The dry run was conducted first on each plot and 
then followed by the wet run. The wet run was initiated after the soil 
moisture reached field capacity (see Chapter IV). Figure 3.1 summarizes the 
experimental design. 5 

The replication blocks were 4000 ft’ in area and within each block were 
twelve plots representing each combination of vegetation and trampling inten- 
Sity (three vegetation types times four trampling intensities equals 12 
combinations). The replication blocks were laid out by BLM and SLA personnel 
during a site reconnaissance trip. Figure 3.2 gives the layout of the repli- 
cation blocks relative to the dirt roads used to access the site. 

Two weeks prior to the start of rainfall simulation, SLA staff located 
the 12 study plots within each replication. Freedom in the selection of plots 
was limited due to sparse vegetation in the region. The replication blocks 
were visually divided into quadrants and within each quadrant a bare plot, a 
plot with a matt and a plot nuttal saltbush were located. It was not con- 
sidered feasible to place a plot frame over part of a plant due to the distur- 
bance that would be generated when driving the plot frame into the ground. 
Therefore, an effort was made to avoid large bushes since the plant density in 
the test plot would not be representative of the natural vegetative cover. 
However, this was not always possible and represents one of the limitations of 
small-plot rainfall simlation research. The selected plots were diagonally 
staked and labeled to allow trampling treatment. Schematics of each replica- 
tion block showing test plot locations are given in Appendix A. 

To simulate trampling intensities or grazing patterns, a steer weighing 
approximately 1000 pounds was halter-led across the test plots. Different 
intensities were generated by making a different number of passes across the 
plot. The number of passes made for minimal, moderate and excessive trampling 
intensities were one, five and ten, respectively. During vegetation and 
resource classification the exact trampling intensity was evaluated for each 
plot. The deviation between plots of a given intensity was minimal. The 
average intensity for minimal, moderate and excessive trampling was 8, 35 and 
60 percent. 


S67 1980 Field Season 


The original scope of work required 540 experiments consisting of three 
vegetative covers, five trampling intensities, two antecedent soil moisture 
conditions at the time of trampling (dry and wet), two antecedent soil 
moisture conditions at the time of the run (dry and wet), and ten replica- 
tions. Figures 3.3 through 3.5 summarize the original experimental design. 

During late July of 1980 a site selection trip was conducted by SLA and 
BLM personnel. Based on the consistency of soil characteristics, slope and 
vegetation, as well as accessibility and security, a location five miles east 
of Green River was selected as the best test site and the one with the 
greatest potential to meet all of the project objectives. The only concern 
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to the 5 to 15 percent vegetal cover block). 
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with the site was the existence of large cracks in the soil, initially thought 
to be vertic intergrades. The potential problems this created were evaluated 
and discussed at length during the trip. Based on concerns that larger cracks 
might develop and infiltrate quantities of water during the run which would 
not be representative (relative to plot size), a suggestion, and later an 
amendment to the contract, was made to decrease the number of test conditions 
and increase the number of replications. It was anticipated that some of the 
cracks would seal over during the first few minutes of rainfall simulation. 

During the second week in August, 1980, the field crew arrived at the 
study site. However, due to a variety of problems, it was decided to postpone 
the field data collection until the summer of 1981. The problems included the 
cracking problem, the representativeness of the wet trampling, consistently 
windy conditions and some equipment problems. These problems are briefly 
discussed below. 

Preliminary runs made on the study site were greatly influenced by the 
cracks in the soil. As discussed above, it was theorized that the cracks 
might seal over after the first few minutes of rainfall simulation; however, 
actual results showed that they did not, and in fact most often grew in size. 
On one test run the runoff from about one-third to one-half the plot was 
flowing into a crack approximately 1/2 to 3/4 inch wide and three or four 
inches long The question arose as to the extent of this cracking condition 
in the Mancos shale soils in the Colorado River basin and further, the feasi- 
bility of small-plot rainfall simulation devices to yield reasonable results 
on such soils. It was later discovered in talking with some long-time local 
residents that the past winter had been dry, with very little snow on the 
desert. Additionally, the winds that the area was experiencing were extremely 
unusual for that late in the year. Both of these weather patterns could 
contribute to the extreme cracking observed in the soil. However, regardless 
of the cause of this condition, small-plot rainfall simulation could not be 
feasibly conducted on such soils. The test site selected for the 1981 field 
season did not have the cracking effect. 

The experimental design required a wet trampling treatment to simulate 
potential spring conditions. To create this condition the soil was to be 
first wetted and then trampled; however, it was found to be difficult to wet 
the clayey Mancos soil to a depth greater than about one inch. In contrast, 
soil moisture conditions during the spring result from snowmelt and would 
typically wet the soil deeper than one inch. Therefore, the simulated wet 
treatment did not adequately represent spring conditions, and in fact did not 
appear significantly different from the dry trampling. Consequently, wet 
trampling was not attempted during the 1981 field season. 

A related problem was the method for evaluating the trampling intensity. 
The procedure recommended in the Request for Proposal (RFP) was counting the 
number of hoof prints and multiplying by the area of the hoof print. However, 
in dry soil, a cow does not produce a well-defined print. Additionally, the 
disturbance generated by dirt kicked or carried on the top of the hoof and any 
dragging of the hoof through the plot would not be included by a simple hoof 
count. The only way to accurately assess the intensity of trampling is to 
actually measure the disturbed area with a grid system analysis. However, in 
the 1981 field season, experience showed that a given number of passes through 
a plot produced a given trampling intensity within sufficient accuracy. 

The equipment difficulties and the wind problems were somewhat related 
and included problems in achieving a spatially uniform rainfall over the test 
plot. The primary problem was due to an improper drop tube specification in 
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the RFP that resulted in a.simulator which operated under gravity instead of 
pressure. The tubes used in the simulator were too large to allow pressure to 
develop in the precipitation plate and consequently the plate had to be per- 
fectly level to provide the same hydraulic head over each tube. With gusty 
wind conditions it was virtually impossible to establish or maintain this con- 
dition. The problem was resolved for the 1981 field season by replacing the 
0.0188 inch inner diameter drop tubes with 0.0135 inch inner diameter tubes. 
Additionally, free-standing wind screens were designed and used in the 1981 
field season. 

Considering the above difficulties, the field collection was postponed to 
allow adequate time to resolve the various problems. Due to the late date of 
contract award and the possibility of an early frost, it was not feasible to 
reschedule the field data collection until the following summer (1981). To 
compensate for the costs of the 1980 field season, including rebuilding the 
rainfall simulators, the number of runs was reduced from 480 to 360. 


4.1 


Wis FIELD DATA COLLECTION PROCEDURES 
4.1 Rainfall Sim lator 


The use of deionized water in the field work required an efficient simu- 
lator to avoid excessive water hauling. Additionally, the number of experi- 
ments required a small, easily transported and operated system. Considering 
these limitations, a modular type drop forming rainfall simulator was selected 
for use (Plate 4.1). Drop-forming simulators produce very consistent and uni- 
form rainfall over small test areas using relatively small quantities of 
water. However, typical of drop forming type systems, the terminal velocity 
and kinetic energy of the simlated raindrops relative to natural rainfall is 
low, due to drop fall distance and zero initial velocity. However, this was 
not considered a serious limitation since the project objectives were to com- 
pare the results of the different treatments ina relative manner. Plot size 
and other considerations further limited the value of analyzing the results in 
an absolute fashion. 

The rainfall simulator consisted of a 3 by 3 foot precipitation chamber 
with 23 gauge hypodermic tubing (0.0135 inch inner diameter) spaced on a one- 
inch grid. Raindrops of approximately 2.5 mm diameter were generated for 
intensities ranging from 2 to 3-1/2 in/hr. The chamber was rotated in a small 
circle to prevent raindrop impact in the same locations. A 12 volt pump 
supplied water, regulated by a flowmeter, to the chamber from a 200 gallon 
polyethylene reservoir. The 200 gallon reservoir provided sufficient water 
for up to twelve runs per day. The apparatus is shown in Plate 4.2. 

A wind screen consisting of a nylon reinforced plastic tarp suspended 
from a frame allowed operation of the simulator under windy conditions. The 
wind screen was taller than the rainfall simulator and completely encompassed 
it. An opening on one side allowed access for sampling during a run (Plate 
4.3). The wind screen frame was separate from the rainfall simulator frame 
and was sufficiently sturdy to allow data runs in winds up to 20 mph. For 
high wind conditions, the bottom of the wind screen tarp was covered with dirt 
(Plate 4.4). Wind conditions in the study region required use of the wind 
screens every day. Complete design blueprints of the rainfall simulator, wind 
screen and accessories were prepared under a separate BLM work order. 

Purified water was created by reverse osmosis (RO) and de-ionization (DI) 
filtration units. The raw tap water was first passed through the RO which 
reduced the EC from about 1,000 umhos/cm to 100 umhos/cm, and then through the 
DI tanks that produced a water quality less than 5 umhos/cm. To remove the 
resins introduced by the DI tanks, the water was passed through a multimedia 
filter that included charcoal and diatomaceous earth and removed particles to 
8 microns. The quality of the treated water was checked by daily pH and EC 
measurements and periodically a bottled sample was taken for chemical 
analysis. 


4.2 Evaluation of Runoff and Water Quality Sampling Procedures 


Accurate evaluation of water discharge and proper sampling for water 
quality analyses was an important factor in the field data collection process. 
Due to the anticipated low discharge and high sediment yield, discharge 
measuring flumes were not considered feasible. Therefore, volumetric sampling 
was used to define the water discharge hydrograph. The procedure involved 
evaluating the time required to fill a small container at different elapsed 
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4.2 





Plate 4.1. Rainfall simulator and frame for wind screen. 





Plate 4.2. Rainfall simulator with wind screen. 
Note 200 gallon reservoir in truck, 
battery and pump. 
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4.3 





Plate 4.3. Wind screen surrounding rainfall simulator. 





Plate 4.4. Covering the bottom of the wind screen tarp with 
dirt for high wind conditions. 
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4.4 


time during the run. Graduated cylinders were used to accurately evaluate the 
volumes collected and stopwatches were used to determine the time to fill a 
container. A collector trough channeled the runoff from the test plot to a 
central collection point (Plate 4.5). 

With small plot rainfall simulation it is feasible to collect the entire 
runoff from the experiment. A subsample of the entire runoff event provides 
an accurate estimate of the discharge weighted sediment yield. Two-quart con- 
tainers were used to collect the entire runoff, since a large hole would have 
been required to place a six-gallon container under the outlet of the collec- 
tor trough. As one two-quart container became full, it was removed and 
replaced by an empty one. The runoff collected in each two-quart container 
was poured into the six-gallon plastic container. Samples intercepted for 
volumetric evaluation of discharge were also poured into the six-gallon con- 
tainer. At the end of the run, the six gallon container was agitated by 
shaking and a one-liter sample was taken for laboratory analysis of sediment 
yield. 

A second sample was taken from the entire runoff for chemical water 
quality analysis. The chemical water quality sample was filtered of all 
suspended sediment to prevent further reaction. The samples collected on any 
given day were put into a freezer at the end of the day and maintained ina 
frozen state until laboratory analysis. The maximum time delay between 
collection and placement in the freezer was eight hours. The step-by-step 
procedure for sampling involved: 


1. Total runoff collected in 6-gallon plastic container. An aliquot of 
the unagitated sample was taken for EC measurement (Plate 4.6). 


2. Each container was capped and vigorously shaken for approximately 
one minute to distribute sediment in the liquid. 


3. Immediately after agitation, a sample for sediment yield analysis 
was taken by rapidly pouring into a one-liter Nalgene container via 
a wide-mouth funnel (Plate 4.7). The sample bottle was then capped 
and labeled. 


4. An aliquot of the agitated sample was then taken for EC and pH 
measurement. 


5. A sample for chemical analysis was taken with a filtering apparatus 
that removed particles to 0.45 um. (Filter apparatus and filters 
are available from Geofilter Inc., Denver, Colorado.) The liquid 
was drawn from the 6-gallon container about 6 inches below the sur- 
face of the liquid by a 12 volt peristaltic pump, through the filter 
assembly and into a one-liter Nalgene container which was then 
capped and labeled (Plate 4.8). (Note: Since chemical analysis was 
to be done in Fort Collins, samples were frozen prior to 
transporting. Sample bottles were only filled to approximately 900 
ml to allow for expansion due to freezing.) An aliquot of filtered 
sample was taken for pH measurement. 


4.3 Resource Characterization of Study Plots 


Resource characterization data were sampled for all plot types in all 
replications. The components measured included percent cover (vegetation, 
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4.5 





Plate 4.5. Plot frame and runoff collector trough with a 
sample about to be taken. 





Plate 4.6. Measuring the EC of an aliquot of the total 
runoff. 
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Plate 4.7. Collecting a one-liter sample for suspended 
sediment analysis from the total runoff. 





Plate 4.8. Filter apparatus used for collecting sample for 
chemical water quality analysis from the 
total runoff. 
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litter, rock), density, frequency, height, crown diameter, degree of mounding 
and percent of surface area disturbed due to trampling. 

Density, frequency, plant height, crown diameter, and mounding measure- 
ments were obtained in a 6.25 ft (30 x 30 inch) plot frame. Percent cover 
(vegetation, litter, rock), percent bare ground, and percent surface area 
disturbed due to trampling were sampled utilizing a grid frame. The grid 
frame (15 x 15 inch) consisted of one hundred 2.25 inch Gicoex 1.5: inch) 
cells and was designed to sample the plot in quadrants. 

Two methods were used in obtaining data from the grid frame. The jae MS ee 
a point hit method, utilized a metal rod, or "pin", beginning in the upper 
left cell. The pin was lowered in the corner of every second cell along a row 
and every other row within the frame, producing a total of 25 Points: (or 25 
percent of the plot). All first hits from the plant canopy to ground level 
were recorded for each of the 25 points in the quadrant. The frame was moved 
to each remaining quadrant until 100 points (100 percent) had been lowered and 
recorded (Plate 4.9). 

The second method, the cell count, required counting components (i.e., 
cover, bare ground, etc.) in each of the 100 cells in the grid frame for each 
quadrant (Plate 4.10). Thus, every cell was equivalent to 0.25 percent of 
the total plot. This method of observation required that each component 
occupy the entire area of a cell to be recorded as "1". One-half of the cell 
was recorded as "0.5". Individual components were then averaged over the four 
quadrants to yield a percentage value for the plot. Crown cover was iden- 
tified as normal foliage cover for each plant. Thus, the intraspacial foliage 
Openings common to vegetative canopies were ignored, resulting in a somewhat 
large value for the cell count in relation to the point hit method for each 
measurement. However, useful comparisons can be made between data for these 
two sampling techniques. 


4.4 Setup and Run Procedure 


Three rainfall simulation crews operated simultaneously on the replica- 
tion blocks. The replications were completed in groups of three, with one 
crew per replication (Plate 4.11). Setup on any given test plot was started 
by placing the plot frame according to the diagonal stakes identifying the 
plot. The collector trough was then installed and the area below excavated to 
allow placement of the 2-quart container. 

To verify rainfall intensity a rain trough was used. Rain troughs are 
commonly used in rainfall simulation rather than circular-type rain gages. 
The rain trough was elevated above the plot by supports attached to the plot 
frame and moved through three positions during the run (Plate 4.12). The 
first and last positions were just above and below the plot frame, perpen- 
dicular to the direction of runoff. The middle position was in the center of 
the plot and was the only position that caused interference with the rainfall 
reaching the study plot. The rain trough was moved at 10-minute intervals; 
therefore, the effective interception was less than one percent of the total 
rainfall reaching the study plot. Rainfall collected in the rain trough 
flowed into a container for measurement at the end of the run. 

The rainfall simulator was centered over the plot frame with plumb bobs 
and leveled with a carpenter's level (Plate 4.13). The wind screen frame was 
positioned and the tarp hung (Plate 4.14). 

The test plot was covered with a tarp while the precipitation chamber 
filled with water. As the simulator began producing rainfall, all of the 
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Plate 4.9. Point-hit method of resource characterization. 
The metal rod of pin is in the sampler's 
right hand. 





Plate 4.10. Cell count method of resource characterization. 
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4.9 





Plate 4.11. Three rainfall simulation crews operating 
simultaneously. 





Plate 4.12. Rainfall trough for verifying rainfall intensity. 
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4.10 


hypodermic tubes were checked to insure proper Operation. After all hypoder- 
mic tubes were functioning and the rainfall intensity established, the cover 
over the plot was removed and a stop watch was started to record the beginning 
of the run. Time to ponding and time of initial runoff were recorded. 

After measurable runoff occurred, sampling was initiated on the next full 
minute (i.e., if measurable runoff occurred at 2:30, the first sample would be 
taken at 3:00). The two person crew operated with one person collecting 
samples and the other measuring volumes and EC, and recording data (Plates 
4.15, 4.16 and 4.17). Samples were taken every minute for the first eight 
minutes and every three minutes thereafter. Run duration was a minimum of 30 
minutes. 

After completion of a dry run, the wind screens were raised to allow the 
plots to dry to field capacity before starting the wet run (Figure 4.18). 
Field capacity was evaluated on-site by a simple test. When the soil could be 
molded by hand such that it did not feel moist, yet still held its shape, it 
was assumed that field capacity had been reached. Samples were taken for gra- 
vimetric analysis of soil moisture to verify the moisture condition DriorEtco 
the start of the wet runs. A photograph of the plot was taken before and 
after each run. The photographs are in a separate document (SLA, 1981). 

During a run any physical problems were noted, such as dust blowing under 
the wind screen, a "dam" formed by a hoofprint giving way and contributing 
water that had been ponded or any equipment problems. These observations were 
important, for example, since increased EC readings were often associated with 
dust and "dam" breaks. Other trends noted during the sampling included plot 
condition. Dry plots, plots with large bushes and heavily trampled plots 
generally delayed the initial time of runoff as compared to wet plots, bare 
plots and plots with no trampling. 
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4.11 





Plate 4.13. Centering and leveling the rainfall simulator 
over the study plot. Note plump bobs and 
adjustable jacks on support legs. 





Plate 4.14. Hanging the wind screen tarp. 
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4.12 





Plate 4.15. Preparing to collect a volumetric sample 
the evaluate runoff. 





Plate 4.16. Evaluating the EC of the runoff sample. 
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4.13 





Plate 4.17. Measuring the volume of the sample collected 
for discharge evaluation. 





Plate 4.18. Wind screen raised to allow plot to dry to 
field capacity prior to wet run. 
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Ve SAMPLE ANALYSIS 


5.1 Sediment Analysis 


Samples collected for evaluation of sediment yield were sealed airtight 
and did not need refrigeration or freezing. At the end of the field season 
all the samples were transported to Fort Collins for analysis in the SLA sedi- 
ment laboratory. Standard USGS procedures for gravimetric analysis of 
suspended sediment were followed (Guy, 1977). 

Several samples developed colored supernatant, indicative of further 
interaction or leaching of sediment in the sample. Additionally, several had 
a strong hydrogen sulfide odor (H,S) at the time of analysis, indicative of a 
sulfate reducing bacteria action fe suléovabrve Desulfuricane). Neither of 
these reactions significantly affected the estimate of sediment yield. 


5.2 Chemical Analyses 


The chemical analysis evaluated runoff samples from each run to determine 
concentrations and measurements of 11 components. The samples were filtered 
at the field site and transported in the frozen state to the chemistry labora- 
tory at Colorado State University. The laboratory procedures followed in the 
analysis were standard U.S. Geological Survey methods (Brown, et al., 1974). 
The components measured were electrical conductivity (EC), pH, total alkali- 
nity (TA) as CaCO,, total dissolved solids (TDS), fluoride (F~), chloride 
(Cl~), sulfate (sty sodium (Na), Potassium (K), Calcium (Ca) and Magnesium 
(Mg). A general definition of each variable measured follows. 

Electrical conductivity is a measure of the ability of the water to carry 
electric current and is an indication of ionic strength of the water. It is 
the reciprocal of specific resistance and is expressed in micromhos per cen- 
timeter (umhos/cm) for most water. Freshly distilled water has a conductivity 
of 0.5 to 2 umhos/cm The conductivity of tap water in the Green River area 
ranged from 800 to 1000 umhos/cm during the field data collection. Electrical 
conductivity is related to total dissolved solids by an empirical factor, 

TDS = K(EC) where K_ ranges from 0.55 to 0.9 (American Public Health Asso- 
ciation et al., 1981). 

Total dissolved solids (TDS) are generally associated with fresh water 
systems and consists of inorganic salts, small amounts of organic matter and 
dissolved materials. Salinity is an oceanographic term and although not pre- 
cisely equivalent to the total dissolved salt content, it is related to it 
(Capurro, 1970). The principal inorganic anions dissolved in water include 
carbonates, chlorides, sulfates and nitrates; the principal cations are 
sodium, potassium, calcium and magnesium. TDS is measured as mg/l or ppm. 

The pH of water is a measure of the effective hydrogen-ion concentration. 
An overall normal range of pH is from 6 to 8. Natural waters are slightly 
basic (pH<7) due to the prevalence of carbonates in nature. 

Total alkalinity as CaCO3 is a measure of the hardness of water. Water 
is classified according to the presence of CaC03 below: 





CaCO3 
mg/l Classification 
0 - 60 Soft 
61 -—,.120 Moderately Hard 
121 —- 180 Hard 
>180 Very Hard 


Fluorides are generally present in most natural waters in small amounts. 
Natural fluorides are characteristic of waters from deep strata. Fluorides 
are introduced into water from insecticides, disinfectants and preservatives. 

Chloride concentration varies widely in natural waters (1 mg/l to more 
than 2,000 mg/l). Chlorides are very soluble and the major anion in most 
brines in the U.S. Also human and animal wastes are high in chlorides. 

Sulfate is leached from most sedimentary rocks. In natural waters, con- 
centrations range from a few mg/l to thousands of mg/l. 

Sodium salts are very soluble and are commonly found in soil and rocks. 
The sodium adsorption ratio (SAR) is the expression of relative activity of 
sodium ions in exchange reactions with soils and is an index of sodium or 
alkali hazard to the soil (Mundroff, 1972). 

Potassium is abundant at the surface of the earth, but it is in a form 
not easily soluble. Therefore, potassium concentration measurements are 
generally less than 20 mg/l. 

Calcium contributes to the hardness of water. It is dissolved from most 
rocks, but water near limestone areas contains concentrations of 30 to 100 
mg/l whereas water near granite or siliceous sand may contain concentration 
less than 10 mg/l. 

Magnesium is common at the surface of the earth. Water associated with 
granite and silicious sand may contain concentrations less than 5 mg/l whereas 
water associated with limestone may contain concentrations from 10-50 mg/l. 


VI. TABULATION OF DATA 


The extensive amount of data collected during the field study and sub- 
seguent laboratory analysis required detailed organization to effectively eva- 
luate it. The data were grouped into six sets, consisting of field data, 
vegetation data, chemical data, soil moisture data, sediment concentration 
data and soil data. The data sets were retained on a magnetic computer tape 
for future analysis. The formatting of the data is described in the following 
sections. The data listings are presented in Appendix B. 

The individual rainfall simulation runs are identified throughout the 
report by a four or five character run number. The first character identifies 
the replication (1-15), the second is the vegetative cover on the plot 
(B-bare, M-Mat, N-Nuttall), the third is the trampling level (1-none, 
2-minimal, 3-moderate, 4-excessive) and the fourth is the soil moisture con- 
dition at the time of the run (D-dry, W-wet). Therefore, the run number 1B1D 
identifies a dry run on an untrampled, bare plot in the first replication. 


6.1 Field Data 

The field data presented here include the plot slope and the runoff 
characteristics from each rainfall simulation run. One file, "FLDDAT", was 
created to store this data. A total of twelve variables are tabulated for 
each run type. Eight of these variables are direct field measurements as 


listed below: 


(1) EC1 - The electrical conductivity reading taken from a composite 
sample of runoff from each run, ymhos/cnm. 


(2) pH - The pH reading taken from a composite sample of runoff 
from each run. 


(3) SLOP - The slope of the plot, percent rise over run. 

(4) DR - The duration of the rainfall for each run, min. 

(5) BRO - The time of the beginning of runoff, min. 

(6) ERO - The time of the end of runoff, min. 

(7) QP - The peak flow determined from field measurements, ml/sec. 


(8) RFR —- The rainfall rate for each run determined from field 
measurements, cm/hr. 


The last four variables included in this file were calculated using the field 
measurements once the field work was completed. They are as follows: 


(9) EC2 - The time-weighted average electrical conductivity value deter- 
mined from the individual sample readings, wmhos/cm. 


(10) VRO - The total volume of runoff for each run, determined from 
the individual sample flows, ml. 


On 


(11) RO - The amount of runoff computed from the VRO, inches. 
(12) INF - The average infiltration rate, inches/hour. 
A copy of this file has been provided in Appendix B, Table B.1. 
6.2 Resources Characterization Data 

The vegetation data was collected using both the point method and the 
cell count method (See Section 3.3). A single data file, "VEGDAT", contains 
the results from these two methods. Fifteen variables are tabulated for each 
plot type. These include six variables from the point-method as listed below: 

(1)  VEGP - The total vegetative cover on the plot, in percent. 

(2) TLITP - The total litter cover on the plot, in percent. Total 
litter is defined to include three components: (1) total standing 
dead, (2) total standing dead biomass, and (3) undecomposed biomass 
lying on the surface of the ground. 


(3) ROCKP - The total rock cover on the plot, in percent. 


(4) TCOVP - The total cover on the plot which is the sum of the 
VEGP, TLITP and ROCKP, in percent. 


(5) TBARP - the total amount of bare ground on the plot, in percent. 
(6) DISP - The total disturbed bare ground on the plot, in percent. 


Six variables resulting from the cell-count method included in "VEGDAT" are as 
follows: 


(7) VEGC - The total vegetative cover on the plot, in percent. 
(8) TLITC - The total litter cover on the plot, in percent. 
(9) ROCKC - The total rock cover on the plot, in percent. 


(10) TCOovc - The total cover on the plot which is the sum of VEGC, 
TLITC and ROCKC, in percent. 


(11) TBARC - The total amount of bare ground on the plot, in percent. 
(12) DISC - The total disturbed bare ground on the plot, in percent. 


In addition to the twelve variables presented above, three variables were 
determined for each plot type. They include: 


(13) DIA - The diameter of the plant present on the plot, inches. 
(14) HEL - The height of the plant present on the plot, inches. 


(15) MOV - The mounding category for the plot. 


6.3 


The mounding existing around each plant ona plot was divided into six classes 
which are defined as: 


Gs A - no mounding present 


(ii) B 


less than or equal to one inch of mounding 


(iii) C - from one to two inches of mounding 


(iv) D - from two to three inches of mounding 
(v) E - from three to four inches of mounding 
(vi) F - greater than four inches of mounding 


A listing of VEGDAT is given in Appendix B, Table B.2. 
6-3 Soil Moisture Data 


The soil moisture prior to each wet-run was determined in the field from 
soil samples taken between the dry and wet runs for each plot type. The 
samples were placed in Ziploc bags and were later gravimetrically analyzed 
for soil moisture content. Soil moisture by weight was based on an air-dry 
weight of the soil. The values are tabulated with all 15 replication soil 
moistures for a given plot type listed on one line. A copy of the file 
listing (SOILMST) has been included in Appendix B, Table B.3. 


6-4 Sediment Concentration Data 


A partial sample taken from the total runoff event for each runoff simu- 
lation run was used to evaluate sediment concentration (see Section 4.2). The 
one liter samples were gravimetrically analyzed using standard USGS 
procedures. The results of this analysis for each run type are stored in file 
"SEDCON". This data is listed for each plot type in Appendix B, Table B.4. 


6.5 Chemical Data 


The chemical analysis was based on a second partial sample taken from the 
total runoff event for each run. The one liter sample was filtered of all 
suspended sediment in the field, frozen and transported in the frozen state 
from the field to the laboratory (see Section 4.2). 

Results obtained from the laboratory analysis were based on standard USGS 
procedures (see Section 5.2). The variables measured were electric conduc- 
tivity (umhos/cm), pH, total alkalinity (mg/l), total dissolved solids, F7, 
Cl™, SO-4, Na, K, Ca, Mg. The units for the chemical ions are all mg/l. The 
data are listed in file "CHMDAT™ in Appendix B, Table B.5. 


6-6 Soil Data 

The soil data are comprised of two sets of data. Prior to the field 
season, one set was collected. BLM staff members sampled 18 sites for pH, 
electrical conductivity, calcium, magnesium, sodium absorption ratios and 
profiles to determine soil variability. During the field study, bulk density 
and soil moisture samples were taken on the north side of each replication. 


6.4 


The results of the chemical analysis for soil variability study are shown 
in Table B.6. The location of the sample sites were shown in Figure 3.2. 
Soil profile descriptions are in Table B.7. Table B.8 presents the results of 
the bulk density sample. 


Vitis DATA ANALYSIS AND RESULTS 
7.1 £=General 


Statistical analysis of the data was performed based on treatment levels 
and replications. A complete set of descriptive statistics was produced for 
the field, chemical, resource characterization, soil moisture and sediment 
concentration data. The descriptive statistics included means, standard 
deviations, and coefficients of skewness and variation. The next level of 
analysis involved two sample t-tests to determine if the differences between 
sample means were different from zero and at what significance level the two 
samples would be from the same population. Then an analysis of variance 
(ANOVA) was performed to establish the treatments which interacted and the 
treatments which affect the variation of a random variable. 

Evaluation of the results of the t-test and results of the ANOVA allowed 
initial conclusions related to the hypotheses to be tested (Section 1.2). ‘The 
final analyses were correlations between variables to establish dependence or 
independence. Regression relations were defined for infiltration rates and 
electrical conductivity readings as functions of plot characteristics. 


7-2 Charactistic Statistics 
7.2.1 Analysis Procedure 


Means, standard deviations and coefficients of variation and skewness 
were calculated for the variables by run type, plot type, replication and 
trampling level. The arithmetic mean is the most common descriptor of central 
tendency and was used in calculating the sample statistic. The standard 
deviation is a measure of dispersion and is the square root of the variance. 
The standard deviation has the same dimension as the measured variable. The 
coefficient of variation is a dimensionless dispersion parameter and is 
defined as the ratio of the standard deviation to the mean. A knowledge of 
the coefficient of variation helps judge the success of an experiment. A 
small range with low values suggests the factors affecting the random 
variables were well controlled by the experimental procedure. The coefficient 
of skewness is a dimensionless measure of asymmetry and is defined as the 
ratio of the third central moment to the second central moment raised to the 
3/2 power. The equations for the mean, standard deviation, coefficient of 
variation and coefficient of skewness are: 
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where N is the number of sample values x,, and my and ny are the 
sample second and third moments, respectively. 

The statistics calculated for all field data, sediment concentration 
data, resource characterization data, soil moisture data, and chemical data 
are presented in Appendices C through G. Hydrographs and infiltration curves 
are plotted by run type and presented in Appendices H and I, respectively. 
Infiltration rates were calculated from constant rainfall rates and measured 
discharges. Frequently, the calculated infiltration rate was 0.0 cm/hr. In 
two instances it was -0.2 cm/hr and in one instance it was -0.3 cm/hr. The 
statistical analyses were grouped by run type, plot type, replication numbers 
and trampling levels. The means and standard deviations of these data groups 
were calculated and are included in the corresponding tables. 

The statistics calculated were used to evaluate trends and allow a visual 
inspection of inconsistencies. To evaluate trends, the groups of means were 
plotted and inspected. General trends in the means appeared between wet and 
dry groups of data and corresponded to different trampling level. The values 
of the second and third moments and coefficient of variation were visually 
inspected to see the range of values. Generally the values for one group 
appeared consistent among themselves. 


Je2e2d) *ResulLtsc£Eorn- Field Data 


Statistics were evaluated and graphical plots made for all variables in 
the field data file. The results discussed below focus on the main variables 
of interest: salinity as measured by electrical conductivity, peak runoff, 
volume of runoff and infiltration rate. 

Electrical conductivity from the field data was measured in two ways as 
explained in Section 6.1. The total runoff sample and the time-weighted 
average sample produced the same trends. The total runoff sample registered 
slightly higher averages (481 umhos/cm for dry runs and 422 umhos/cm for wet 
runs) than the time-weighted average sample (399 wmhos/cm for dry runs and 341 
umhos/cm for wet runs). The reason for this can be attributed to the con- 
tinued reaction of sediments in the total runoff sample over the run duration. 
In either case the average values were approximately one-half the values 
measured for tap water in the Green River area during the field season. For 
further comparison, the measured EC in the Green River at the gaging station 
near Green River, Utah, for the period October 1941 to September 1980 had a 
maximum daily value of 3250 umhos/cm (December 1, 1967) and a minimum daily 
value of 255 umhos/cm (June 30, 1978). 

The tables with the means, standard deviations and coefficients of 
skewness and variation for the field variables are in Appendix C, Tables C.1 
through C.60. The statistics are calculated for run types, plot types, repli- 
cation number and trampling level. 

For the electrical conductivity, the coefficient of variation ranges be- 
_ tween 0.30 to 0.71. The large range in this coefficient, as compared to the 
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others, is due to the nonhomogeneous nature of the salt-producing charac- 
teristics for a small plot. The coefficient of variation for other field data 
variables has a much smaller range. For example, the peak discharge which 
could be more readily regulated by plot size and rainfall rate has a coef- 
ficient of variation that ranges from 0.06 to 0.14. 


7.2.3 Results for Resource Characterization Data 


Statistics were evaluated and graphical plots made for all variables, 
except mounding, in the resource characterization data file. The results of 
certain measured variables are biased due to the way in which plots are 
defined. For example, percent disturbed is directly related to trampling 
level; percent vegetative cover and percent bare ground are related to the 
type of plot, i.e. bare, Mat or Nuttall. 

The tables with means, standard deviations and coefficients of skewness 
and variation for the vegetation data are listed in Appendix D in Tables D.1 
through D.42. The statistics were calculated for plot type, replication 
number and trampling level. 

The coefficients of variation for the resource characterization data 
cover a wide range. This is due in part to the manner in which plots were 
selected. Also, the magnitude of the mean for a variable like rock cover from 
the point method is small (about 2-4 percent) and the standard deviation is of 
the same magnitude; this results in a relatively large coefficient of 
variation. 

Generally, the means from the cell count method are 0-5 to 3.0 percent 
higher than the means from the point count method. This increase tends to 
lower the coefficient of variation for variables from the cell count method. 
Because the coefficient of variation for the measurements from the cell count 
method was lower, these measurements were used in developing regression rela- 
tionships (Section 7.6). 


7.2.4 Results for Soil Moisture Data 


Soil moisture samples were taken between dry and wet runs to evaluate the 
consistency at which field capacity was reached prior to the wet run. The 
statistics for this variable are presented in Appendix E. Means, standard 
deviations and coefficients of skewness and variation were obtained. The 
graphical plots of the means indicated that the average moisture percentages 
were fairly uniform. Standard deviations are small, representing minimal 
variation. 

The coefficient of variation for the soil moisture for all data groupings 
covers a small range, 0.05 to 0.12. This, along with the fact that the means 
cover a small range, 17.5 to 19.2, represents a fairly consistent wetted con- 
dition prior to the wet runs. 


7.2.5 Results for Sediment Concentration Data 


Sediment concentration was obtained for each run type. The statistics 
and graphical plots were completed for data groupings. Data were grouped by 
run type, plot type, replication number and trampling level. Tabulated sta- 
tistics are in Appendix F, Tables F.1 through F.4. 


7.4 


Plots for these data indicated that an increase in sediment concentration 
corresponds to an increase in trampling level. When the data were grouped by 
vegetation there was a less noticeable trend. 

Results of the statistical analysis for the sediment concentration show a 
fairly small range in the coefficient of variation with values from about 0.1 
to 0.3. The magnitude of this coefficient of variation is greater than that 
observed in other cases. Most likely this is due to the variability in the 
measured sediment concentration as illustrated by the range of means in Table 
F.1. 


7.2.6 Results for Chemical Data 


Statistics and graphical plots by grouping were completed for the chemi- 
cal data. The statistics are presented in Appendix G. The EC, pH, total 
alkalinity, total dissolved salts and measurements of chemicals characterized 
the salt production from the plot during each rainfall simlation. Observing 
graphical plots, salt production generally increased with trampling level. 
There was a noticeable increase in salt production when the results were 
grouped by vegetation type (Mat and Nuttall) and trampling level as compared 
to bare plots where no noticeable trend appears. 

Sulfates were the most abundant chemical consituent (total mean 180.5 
mg/l). Mundroff (1972) also found sulfate to be the most abundant chemical 
constituent in salt efflorescences. For comparison, during water year 1980 
the average monthly sulfate concentration for the Green River at Green River, 
Utah, was 253 mg/l. The next most abundant chemical constituent in the 
rainfall simulation runoff was calcium with a total mean of 44.5 mg/l, 
followed by sodium, potassium, chloride, magnesium and fluoride. Total means 
for the latter five chemicals ranged from 5.5 to 0.18 mg/l. Comparativity, 
during water year 1980 for the Green River near Green River, Utah, the average 
monthly calcium concentration was 63 mg/l and the range for the other chemi- 
cals was from 110 to 0.2 mg/l. All chemical constituents, except chloride and 
sodium, appeared to increase with an increase in trampling level. 

The coefficient of variation for the chemical variables was fairly large 
and often covered a relatively large range of values. The large range of 
values could be attributed to natural variation in soil composition, as pre- 
viously suggested in the measured electrical conductivity. 


13 WO Sample t-Test 


7.3.1 Analysis Procedure 


The statistics computed and summarized in the previous section were used 
to perform two sample t-tests. The purpose of this test is to determine at 
what significance level the means of two samples are from the same population. 
For this test, means from the expected extremes were compared. Three general 
types of comparisons were made. To establish that all replications were from 
the same population, or to determine at what significance level they could be 
assumed to be from the same population, the highest and lowest means from the 
statistics by replication were compared for dry and wet cases separately. A 
comparison between the mean from trampling levels one and four was made to 
determine if there was an effect on the variables due to trampling. The last 
comparison was made between the means of variables by trampling level and 
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vegetation type. For this comparison, all the plots vegetated with mat salt- 
bush at a certain trampling level were grouped together. The highest and 
lowest mean were then compared. 

The test was performed for the means of the main variables of interest. 
These variables were electrical conductivity, peak runoff, runoff volume, 
infiltration rate, total alkalinity, sediment concentration, total dissolved 
solids, all ion concentrations and all resource characterization data. 

The general procedure to perform two-sample t-tests is as follows. ‘Two 
sample means, x and x from sample sizes of n and n_, with standard 
deviations s, and s_, are selected. The test SRatisivie is the difference 
between x and x,- The null hypothesis (H_) is the assumption that the 
difference is not significantly different from zero. The significance level 
at which the null hypothesis is rejected is the probability that the decision 
is made to reject the null hypothesis and it is true. The pooled standard 
deviation, S, of the two samples is used in the test. The pooled standard 
deviation is From the following equation: 
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If Equation 7.4 is true, the null hypothesis is accepted for significance 
level a. 

The results of the two sample t-tests will be presented by the type of 
comparison used. The tests made by replication will be first, followed by the 
tests according to trampling level and then trampling level and vegetation 
type. 


7.3.2 Results for Two Sample t-Tests by Replication 


Two sample t-tests by replication were used to compare the highest and 
lowest sample means. Table 7.1 shows the results of the test for the measured 
variables from the resource characterization data. The conclusion from this 
information is the sample means all represent the same population. The signi- 
ficance level ranges from 0.03 to 0.65 with an average about 0.2. The null 
hypothesis for the variables rock cover, total cover and percent bare from the 
point method and rock cover from the cell method is not rejected at a fairly 


Table 7.1. Two Sample Test for Means by Replication 








Ho:X47X2=0- 
Mean Standard Deviation Pooled Ho 1s not 
“Lowest Highest Corresponding ~~ Corresponding Standard 1 -x2 Test Rejected 
Varlable Mean xX] Mean x2 to x] to X2 Devi ation Statistic at a= 
VEGP 6.5 11.7 5.6 9.77 8.0 54 1.7 0.10 
TLITP 6-5 12.8 4.74 11.35 8.7 6.5 1.8 0.08 
ROCQKP 1.2 4.0 0.83 4.43 3.2 2.8 2.1 0.04 
TCOVP Wide 26.6 9.89 16.99 13.9 8.9 2.4 0.03 
TBARP 734 82.3 16.99 9.89 13.9 8.9 2.4 0.03 
DISP 22.3 26-8 23222 25.03 24.1 4.5 0.4 0.65 
VEGC 7e1 12.5 651 el POW AL 9.4 5.4 1.4 0.18 
TLITC 7.1 12.7 4.38 10.44 8.0 5.6 1.7 0.10 
ROCKC 2-6 4.6 1.32 3.01 2.3 2.0 2-1 0.05 
TCOVC 20.0 28.2 Ae 17.39 14.6 8.2 1.4 0.18 
T BARC 72.2 80.0 16.22 YOU 13.9 7-8 1.4 0.18 
DISC 23.7 28.0 24.47 29.25 27.0 4.3 0.4 0.65 
DIA 8.1 11.6 6.57 9.04 6.4 3.5 1.3 0.20 


HE | 3.1 4.1 2.44 3.29 2-9 1.0 0.8 0.44 
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low significance level, indicating a larger variation in means for these 
measurements than the others; however, the significance level is still reason- 
able for field samples with natural variation. 

Table 7.2 shows the result of the two sample t-tests for field data by 
replication for dry runs only. The results conclude that all samples are from 
the same population except for the peak runoff. The two-sample t-test is sen- 
sitive to the size of the pooled standard deviation, which for the peak runoff 
is small compared to the difference between the means. 

Table 7.3 shows the results of the two-sample tests for field data by 
replication for wet runs only. In these cases the null hypothesis is always 
rejected. Based on the type of test being performed the reasons for this can 
be explained. The pooled standard deviation for the variables by replication 
for wet runs are from 11 to 42 percent less than the pooled standard deviation 
for dry runs. However, the difference between sample means is generally 
greater for wet runs than dry due to the natural variation within the site. 
Therefore, similar to the result for the dry run peak runoff discussed above, 
the pooled standard deviation is small compared to the difference in the means 
for all variables of the wet runs. 

Tables 7.4 and 7.5 show the results of the two sample t-test by replica- 
tion for chemical data for dry and wet runs, respectively. The results show 
enough variation between the two sample means to reject the null hypothesis 
and conclude the samples are from different populations for some variables. 
This is attributed to natural variation. Most variables are found to be from 
the same population with significance levels ranging from 0.01 to 0.28. 


7.3.3 Results for Two Sample t-Tests by Trampling Level 


The results of the two sample t-tests for sample means by trampling level 
are presented in this section. The results for the resource characterization 
data are shown in Table 7.6. The test indicates that the means for most 
variables at trampling levels 1 and 4 are from different populations. The 
reason for this is the effect trampling has on the measurements. For example, 
trampling would effect percent disturbed, so means from trampling level 1 and 
4 would not be from the same population. But other measurements, such as per- 
cent of vegetative cover, were made initially for percent of vegetative cover 
that is disturbed or undisturbed. Slight trends are noticed in the data from 
visual inspection. Much less of the percent vegetative cover, rock or litter 
cover is in the disturbed portion of the sample. Reasons for this may be due 
to a lack of visibility of these particles once the plot is disturbed and an 
inherent tendency in cattle to avoid trampling on vegetation or large debris. 
But, the results do show an unexpected trend associated with trampling level 
for the resource characterization data. 

The results of the two sample t-tests for the means of the field data by 
trampling level (Table 7.7) show no significant difference between the mean 
and normalized peak runoff at trampling levels 1 and 4 (significance levels of 
0.04 and 1.0, respectively). This is a good indication that uniform flow had 
been reached at all trampling levels. Visual inspection of the plotted 
hydrographs verified this point even though the time to peak increased with 
increased vegetation covering and trampling. The sample means at trampling 
levels 1 and 4 for the remaining main variables from the field data, 
(electrical conductivity, volume of runoff, infiltration rate and sediment 
concentration) were not from the same population. 

Table 7.8 shows the results of the two sample t-tests by trampling level 
for the chemical data. The results show that trampling causes significant 


Variable 


ECI 
EC2 
QP 
VOL 
| NF 


SEDC 


Table 7.2. Two Sample Test for Means by Replication 
for Dry Runs Only — H,:x1-x2=0- 





Mean Standard Deviation Pooled Ho Is not 
Lowest Hi ghest Corresponding Corresponding Standard X1-x2 Test Rej ected 
Mean X] Mean xX? to X4 to X2 Deviation Statistic at a= 
376 640 251 477 388.1 264 2.4 0.03 
285 527 123 359 268.3 Zaz 2e2 0.04 
8.2 9.6 0.8 1.15 0.98 1.4 3.5 Reject Ho 
11,170 13,441 1,898 2,013 1,956 oat 2.8 0.01 
0.79 1.11 0.38 0.26 0.33 0.32 2.4 0.03 


8,405 10,728 2,068 3,097 2,633.3 25325 pay: 0.04 


Table 7.3. Two Sample Test for Means by Rep! ication 
for Wet Runs Only - Ho: X17X2=0- 








Mean Standard Deviation Pooled Ho is not 
Lowest Hi ghest Corresponding Corresponding Standard X1-X2 Test Rej ected 
Variable Mean xX} Mean x2 to X] to x2 Deviation Statistic at a= 

ECI 300 633 145 295 232.4 io Be SoD Reject Ho 
EC2 242 514 $12 253 195.6 272 3.4 Reject Ho 
QP 8.6 10.0 0.5 0.64 0.57 1.4 6.0 Reject Ho 
VOL 13,919 15,861 1325 1,347 1,241.0 1,942 3.8 Reject Ho 
INF 0.4 0.83 0.22 0.17 0.20 0.43 5.3 Reject Ho 


SEDC 5,975 8,948 2,113 2,584 2,360 2,973 es Reject Ho 











Table 7.4. 


Two Sample Test for Means by Replication 
for Dry Runs Only - Ho:x1-x2=0- 


Mean Standard Deviation Pooled Ho Is not 
-Cowest' Highest § Corresponding ~~ Corresponding St andard 1 -X2 Test Rejected 
Variable Mean X] Mean X2 to X] to x2 Deviation Statistic at a= 
EC 341.0 684.3 157.8 460.9 344.5 343.3 3.45 Reject Ho 
pH 7.6 8.3 0.5 0.4 0.45 0.7 5.39 Reject Ho 
TA 16.21 21.54 4.07 1.97 3.20 5.33 5.77 Reject Ho 
TOS 0.26 0.68 0.13 0.76 0.55 0.42 2.65 0.014 
F> 0.14 0.28 0.06 0.23 0.17 0.14 2.85 Reject Ho 
Ci= 2650 8.19 1.95 17.44 12.41 5.81 1.62 0.12 
SO*4 99.00 319.36 65.79 290.59 210.68 220.36 3.62 Reject Ho 
Na 4.86 8.73 3.43 7.04 5.54 3.87 2-42 0.02 
K 3.68 5.63 1.28 2a 1.75 1.95 3.86 Reject Ho 
Ca 37.39 71.53 16.87 41.38 31.60 34.14 3.74 Reject Ho 
Mg 2.03 3.48 0.82 1.94 1.49 1.45 3.37 Reject Ho 
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Table 7.5. Two Sample Test for Means by Replication 
for Wet Runs Only ~ Hj:x1~-x=0. 


KS nr anette 





Mean Standard Deviation Pooled Ho Is not 
“Lowest Highest Corresponding Corresponding Standard 1 -xX2 Test Rejected 
Variable Mean X] Mean X2 to x] TO.x2 Deviation Statistic at a= 
EC 285.0 581.7 151.2 281.8 226.1 296.7 4.55 Reject Ho 
pH 78 8.1 0.7 0.6 0.65 0.3 1.60 0.12 
TA 14.93 20.27 Pea Yo} 3.84 3.25 5.34 5.69 Reject Ho 
TOS 0.23 0.49 0.22 0.36 0.30 0.26 3.00 Reject Ho 
Ee, 0.11 0.24 0.04 0.23 0.17 0.13 2.65 0.012 
9 ie 1.07 3.82 0.62 2.74 1.99 PPG: 4.79 Reject Ho 
SO=4 96.92 298.29 59.69 433.61 309.5 201.37 2.25 0.32 
Na 2.34 5.90 1.80 5.50 4.09 3.56 3.02 Reject Ho 
K RoW | 3.67 0.81 1.50 1.21 1.10 3.15 Reject Ho 
Ca Disoe 54.35 16.96 33.25 26.39 22.82 3.00 Reject Ho 
Mg 1.47 2.67 0.62 1.19 0.95 1.20 4.38 Reject Ho 
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Varlable 


VEGP 
TRITP 
ROQKP 
TCOVP 
TBARP 
DSP 
VEGC 
TLITC 
ROQKC 
TCOVC 
TBARC 
DISC 


Table 7.6. 


19.8 
80.3 


60.8 


Two Sample Test for Means at Given Trampling Level 
Ho:X1-X4=0- 


Standard Deviation 


ramplTng 

Level 1 
9.55 
6.27 
2.99 
12.13 
125153 
0.0 
10.32 
5.80 
Zode 
12.41 
12.44 
0.0 


ramp 
Level 4 


7.28 
5.53 
2.13 
10.79 
tO.77 
7.99 
7.92 
5.26 
2.18 
11.38 
10.95 


7.70 


Pooled 
Standard 
Deviation 
8.5 
5.9 
2.6 
eS 


x1 7X4 


3.7 
4.3 
1.9 
10.0 
10.0 
57.6 
3.7 
3.0 
1.4 
8.1 
8.2 
60.8 


Test 
Statistic 
2.9 
4.9 
4.9 
5.8 
5.8 
68.6 
Ze, 
3.6 
3.7 
4.5 
4.7 
tank 


Ho Is not 
Rejected 
at a= 
Reject Ho 
Reject Ho 
Reject Ho 
Reject Ho 
Reject Ho 
Reject Ho 
0.01 
0.01 
0.01 
0.01 
0.01 


Reject Ho 
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Table 7.7. Two Sample Test for Means at Given Tramp! ing Level 








Ho:X1-x4=0- 
Mean 
Tramp TTng Tramp IT ng Standard Deviation Pooled Ho Is not 
Leve| Level Trampling Tramp TTng Standard X41 -X4 Test Rejected 
Varlable mex t 4, X4 Level | Level 4 Deviation Statistic at a= 

ECI 381 Dial, 173 348 274.8 246 6.0 Reject Ho 
EC2 268 467 142 279 221.4 199 6.0 Reject Ho 
QP 8.9 9.2 0.87 0.92 0.90 0.3 8 0.4 
NQP 1.4 1.4 0.15 0.17 0.0 1. 
VOL 14,1 15% 2, 3.54 1 O22 2,393 2,044.2 1,964 6.4 Reject Ho 
| NF 0.67 0.96 0.25 0.36 0.31 0.29 6.3 Reject Ho 
SEDC 7,197 9,324 2, Woo 2,493 2,Da8 2, ladl, 6-1 Reject Ho 





Enbine 


Table 7.8. Two Sample Test for Means at Given Trampling Level 


Ho:X1-x4=0-~ 
Mean 
Tramp!Tng  Tranpling Standard Deviation Pooled Ho Is not 
Level Level Trampling Trampling Standard X1-X4 Test Rejected 
Variable Pere 4, X4 Level 1 Level 4 Deviation Statistic at a= 
EC 555¢5 555.1 168.7 329.8 261.9 221.8 5.68 Reject Ho 
pH 8.0 8.1 0.5 0.6 0.55 0.1 1.22 0.23 
TA 16.55 17.54 2.97 3.00 2.99 0.99 2.22 0.04 
TDS 0.25 0.45 0.14 0.29 0.25 0.20 5.83 Reject Ho 
ca 0.16 0.18 0.09 0.08 0.085 0.02 1.58 0.12 
Ci.> 3.01 2.54 3-26 2.41 2-87 0.47 1.10 0.28 
SO-4 124.07 248.57 81.17 220.54 166.17 124.50 5.03 Reject Ho 
Na 4.97 5.04 3.93 4.70 4.33 0.07 0.11 1. 
K 3.08 4.74 (hose) 2.24 1.84 1.66 6.05 Reject Ho 
Ca 34.66 54.83 18.71 31.60 25.97 20.17 5-21 Reject Ho 


Mg 1.95 2.74 0.75 1.26 1.04 0.79 5.10 Reject Ho 


Vie il 
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difference between levels 1 and 4 for the electrical conductivity, total 
dissolved solids, sulfates, potassium, calcium and magnesium. No significant 
difference between the means of pH, total alkalinity, fluoride, chloride or 
sodium occurred at the two trampling levels. The level of significance ranges 
from 0.04 to 1.0. 


7.3.4 Results for Two Sample t-Tests by Vegetation Type and 
Trampling Level 


Tables 7.9 through 7.11 show the results of two sample t-tests by vegeta- 
tion type and trampling level for the field data. The results show the means 
for peak runoff for all bare plots are in the same population, as are the 
means of peak runoff for mat saltbush plots and nuttall bush plots. The 
Significance levels range from 0.01 for plots with mat saltbushes to 0.38 for 
plots with nuttal bushes. Since uniform flow was attained during the thirty 
minute duration rainfall simulation for all test conditions, this result is 
not unexpected. 

For the other variables from the bare plots, the means for the time 
weighted average electrical conductivity and sediment concentration are from 
the same populations, whereas for the vegetated plots there is a significant 
difference in the mean of these variables (a significance level less than 
0.01). This would indicate that trampling in combination with vegetation has 
a different effect on the sediment concentration and electrical conductivity 
Of xunot £: 

Tables 7.12, 7.13 and 7.14 are the results of the two sample t-tests by 
vegetation type (bare, Mat and Nuttall) for the chemical data. Similar trends 
exist among the data sets. The difference between the most different sample 
means for chloride and sodium for all types of vegetative cover are not signi- 
ficant. For bare plots, the difference between the sample means for total 
alkalinity are significantly different from zero at a= 0.016. For the plots 
with a nuttall bush, differences between sample means are significant for 
total alkalinity, fluoride or potassium at a = 0.34, 0.6 and 0.4, 
respectively. 


Woe Analysis of Variance 


7.4.1 Analysis Procedure 


The experimental design represents a complete, factorial study because 
all possible combinations of factor levels for different factors are included. 
Also, this is a multifactor study because three or more factors are studied 
similtaneously. For this study, the factors are trampling level, vegetative 
cover and moisture condition. 

The analysis of variance (ANOVA) is used to determine if the sample means 
for different factors are from the same population. It is useful ina preli- 
minary inspection of experimental results and has many subsequent applica- 
tions. For this analysis the preliminary results of the ANOVA are presented. 

ANOVA was completed for the main variables of interest: (1) all 
variables for the resource characterization data, (2) all variables for the 
chemical analysis, (3) electrical conductivity from the field data, (4) peak 
runoff, (5) volume of runoff, (6) infiltration rate and (7) sediment con- 
centration. The results of the ANOVA were summarized in tabular form. The 
information presented describes if the variation in the mean due to a certain 
factor is significant, and at what level. The other columns of the ANOVA 





Table 7.9. Two Sample Test for Means by Tramp!ing Level with Bare Cover 


Ho: xq -x2=0. 
Mean Standard Deviation Pooled Ho Is not 
Lowest Highest Corresponding Corresponding Standard X1-X2 Test Rejected 
Varlable Mean x] Mean x2 to x] to x2 Deviation Statistic at a= 
ECI 320 559 174 369 288.5 239 Saw Reject Ho 
Bi B3 
EQ 250 375 138 243 197.6 125 2.5 0.02 
Bl B2 
QP 9.0 9.4 0.9 0.79 0.85 0.4 1.8 0.08 
B4 B2 
VOL 12,470 14,889 2, 00F 1,605 2, deed 2,419 4.4 Reject Ho 
B4 BI 
| NF 0.49 0.87 0.21 0.37 0.30 0.38 6.6 Reject Ho 
BI B4 
SEDG 7,785 9,551 2,508 2,947 2, 20s2 1,768 2.5 0.02 


Bl B3 


Ege 


Table 7.10. Two Sample Test for Means by Tramp!ing Level with Mat Saltbush Vegetation 








Ho:X47X2=0- 
Mean Standard Deviation Pooled Ho is not 
Lowest Hi ghest Corresponding Corresponding Standard 1 -X2 Test Rejected 
Vartable Mean x} Mean X2 to x] to x2 Deviation Statistic at a= 
EC 55.7 747 195 402 315.9 390 4.8 Reject Ho 
M1 M4 
EC2 298 592 166 306 246.2 294 4.6 Reject Ho 
M1 M4 
QP 8.7 9.4 0.79 ei Be 0.99 0.7 2.7 0.01 
M4 M2 
VOL 11,944 14,077 Cape aE 1,818 2,088.1 2a SS 4.0 Reject Ho 
M4 M2 
| NF 0.74 1.00 0.23 0.34 0.29 0.26 4.8 Reject Ho 
M2 M4 
SEDC 7,079 10,020 2,225 2,395 2,398.3 2,941 4.7 Reject Ho 


MI M4 
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Table 7.11. Two Sample Test for Means by Tramp!ing Level with Nuttall Bush Vegetation 








Mean Standard Deviation Pooled Ho Ts not 
Lowest Hi ghest Correspondi ng Corresponding Standard 1 -X2 Test Rej ected 
Variable Mean x] Mean x2 to x] to x2 Deviation Statistic at a= 
ECI 314 544 149 336 259.9 230 4.8 Reject Ho 
N1 N4 
EC2 258 452 i137 Ew E 212.6 194 4.9 Reject Ho 
N1 N4 
QP 8.8 9.0 0.92 0.89 0.91 0.2 1.2 0.24 
N4 N3 
VOL 12,039 13,843 2,304 1,506 1,946.3 1,804 5.0 Reject Ho 
N4 N1 
| NF 0.73 1.01 0.25 0.37 0.32 0.28 4.8 Reject Ho 
N1 N4 
SEDC 6,728 8,564 1,456 2,652 2,126.9 1,836 4.6 Reject Ho 


N1 N4 
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Table 7.12. Two Sample Test for Means by Tramp!ing Level with Bare Cover 
HoiX1—-X2=0- 


eee 


Mean Standard Deviation Pooled Ho Is not 
Lowest HT ghest Corresponding Corresponding Standard 1 -X2 Test Rej ected 
Variable Mean X] Mean X2 to x] TO.xX? Dev lation Statistic at a= 
“Rete. eee ct s 5 a ee ee ae eee a eee See Rae Skee aa Aa eee ds eh 
EC 336.3 621.6 172.9 398.3 307.0 285.3 3.60 Reject Ho 
Bl B3 
pH 7.6 8.0 0.4 0.5 0.45 0.4 3.44 Reject Ho 
B2 Bl 
TA 14.73 16.31 1.89 2.89 2.44 1.58 2.51 0.016 
BI B4 
TDS 0.25 0.58 Osi 0.56 0.41 0.33 3.12 Reject Ho 
Bl B3 
p= 0.14 0.29 0.04 0.30 0.21 0.15 Leth Reject Ho 
B2 B3 
CI- 1.36 207 det 3.39 2.62 1.01 1.49 0.14 
B2 B3 
SO=4 125.42 239.65 76.80 211.60 159.17 114.23 2.78 Reject Ho 
BI B3 
Na 1.60 5.02 0.69 7.94 5.64 3.42 2.35 0.24 
Bi B3 
K i a) 3.93 ee) 2.31 1.82 1.70 3.62 Reject Ho 
BI B4 
Ca 37.34 59.90 18.42 38.48 30.17 22636 2.90 Reject Ho 
Bi B3 
Mg A 2-80 0.64 era 0.97 1.09 4.35 Reject Ho 
BI B3 


i Bie! & 


Vartable 


EC 


pH 


TA 


TOS 


Ca 


Mg 





Table 7.13. 


Lowest Highest 
Mean x] Mean X2 
348.8 708.5 

M1 M4 
7.5 8.3 
M2 M4 
19.78 18.46 
M2 M3 
0.25 0.59 
M1 M4 
0.14 0.20 
Mi M4 
2.91 3.80 
M4 Ml 
127.02 306.14 
M1 M4 
5.54 6-87 
M2 M3 
3.33 Dal 
M2 M4 
35.96 64.73 
M1 M4 
2.01 3.15 


Ho: X1-X2=0- 


Standard Deviation 


To x] 


175.9 


0.4 


2.18 


0.14 


0.05 


2.40 


80.22 


4.44 


19.46 


0.77 


Corresponding Corresponding 


to X2 


375.8 


0.7 


3.02 


0.36 


0.06 


2.36 


216.28 


3.97 


2.38 


29.45 


1.64 


Pooled 
Standard 
Deviation 


293.4 


0.27 
0.055 
2.38 
163.11 
4.21 
2.01 
24.96 


1.28 


1 -X2 


209eT 


0.8 


2.68 


0.34 


0.06 


0.89 


179.12 


Two Sample Test for Means by Trampling Level with Mat Saltbush Vegetation 


Test 
Statistic 


4.75 


5.44 


3.95 


4.88 


4.23 


4.25 


1.22 


4.62 


4.46 


3.45 


Ho is not 
Rejected 
at a= 


Reject Ho 


Rej ect Ho 


Reject Ho 


Reject Ho 


Reject Ho 


0.16 


Reject Ho 


0.23 


Rej ect Ho 


Reject Ho 


Reject Ho 
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Table 7.14. Two Sample Test for Means by Trampling Level with Nuttall! Bush Vegetation 
Ho! X41 -x2=0- 


ree SSNS 





Mean Standard Deviation Pooled Ho Is not 
Lowest Highest Corresponding Corresponding St andard 1 -X2 Test Rejected 
Variable Mean Xx] Mean x2 to xX] to x2 Deviation Statistic at a= 
EC 314.9 526.5 161.0 316.0 250.78 211.6 S27 Reject Ho 
N1 N4 
pH 78 8.2 O55 On5 O25 0.4 Ds 1c) Reject Ho 
N2 N1 
TA 17.76 18.74 3.25 4.37 3.85 0.98 0.99 0.34 
N1 N2 
TDS 0.25 0.40 0.17 0.23 0.20 0.15 2.90 Reject Ho 
N2 N4 
Fs 0.17 0.20 0.05 0.13 0.10 0.03 1.16 0.26 
N3 N2 
Cli 3.36 5.82 2.80 10.40 7-62 2-46 25 0.20 
N4 N5 
SO*4 119.78 202.66 88.65 hab pe 115.69 82.88 2.77 Reject Ho 
N1 N4 
Na 6.57 8.55 4.22 6.50 5.48 1.98 1.40 0.17 
N4 N3 
K 3.39 4.78 1.10 2.79 2u12 1.39 2.54 0.014 
N1 N2 
Ca 30.70 54.91 18.18 35.97 28.50 24.21 3.29 Reject Ho 
N1 N4 
Mg ya 2.77 0.78 0.90 0.84 0.64 2.95 Reject Ho 
N1 N4 


Liar 


hate 


table describe the possible combinations of interaction between and among the 
factors and at what significance level interaction would occur. If interac- 
tions do exist between or among factors, the corresponding table of means 
should be examined to determine if one factor is the cause of the observed 
interactions. The ANOVA was performed for the main variables by combining all 
factor levels. The ANOVA for all factors comprised a three factor study. The 
factors for field and chemical data were trampling level, vegetation cover and 
moisture condition. The ANOVA for the resource characterization data was a 
two factor study. The factors were trampling level and vegetative cover. 


7.4.2 Results of the ANOVA 


Table 7.15 shows the significance level at which variation or interaction 
would occur for the resource characterization data. A significance level near 
five percent or even one percent is acceptable for experimental data. A sign- 
ficance level much greater than 0.1 indicates the mean for that set of factors 
is well within the accepted range. A significance level much less than 0.005 
indicates the means of different factor levels are most likely not from the 
same population. The summary table shows no interaction between trampling and 
vegetation factors except for percent disturbed (DISC) at a 0.04 significance 
level. Generally, the means for the vegetation and trampling level factors 
are not from the same population. 

Table 7.16 is the ANOVA summary for the main field data variables of 
interest and sediment concentration measurements. There may be interaction 
between the factors affecting the measurements of electrical conductivity, 
runoff volume and infiltration; however, it is more likely the interaction 
indicated is due to the variation in the means for the trampling, moisture and 
vegetation factors alone. The greatest variability in the mean for all 
variables except electrical conductivity is due to moisture conditions. fThe 
factor with the greatest variation contributing to the means for electrical 
conductivity is trampling level. After the moisture factor, the trampling 
level affects the means of volume, infiltration and sediment concentration. 
Trampling level does not affect the peak runoff at a significance level of 
0.05 because uniform flow had been reached during the duration of the rainfall 
simulation for the small plot experiments. 

Results of the ANOVA for the chemical data, Table 7.17, show trampling 
Significantly (the significance level is less than 0.04) contributes to 
variation in the mean of all chemical variables except C17. Moisture content 
of the soil prior to the run contributes to the variation of the mean for most 
of the chemical variables; pH and SO’, are excluded when the significance 
level is less than 0.02. 

Statistically, the variation in the means attributed to trampling, vege- 
tation and moisture condition was significant, and the large deviation from 
the means is most likely creating the interaction between certain factors for 
some of the chemical data. 

The next step in analyzing the results of the ANOVA is to evaluate the 
performance of other tests which examine the class means and the sizes of dif- 
ferences among them. Examples of these types of tests are Least Significant 
Difference (LSD), Tukey's method (which is similar to the Q method), Duncan 
test or Scheffe's method. Each test has unique advantages and disadvantages. 
The ANOVA tables are presented in Appendix kK. 





Variable AR Re R,V R vA 
VEGP x x x x x 
TiLITP x x x x x 
ROCKP x x x x x 
TCOVP x x x x x 
TBARP x x x x x 
DISP x x x x x 
VEGC x x x x x 
dh BEN NG x x x x x 
ROCKC x x x -06 x 
TCOVC x x x x x 
TBARC x x x x x 
DISC x x x x x 
DIA x x x x x 
HEL x x x x x 
R = Replication xX = a>>0.10 
T = Trampling VAR = a<<0.001 
V = Vegetation 


Tens 


Table 7.15. Summary of ANOVA Results for All Factor Resources 


Characterization Data 


Significance Level, a, for Given Factors 





Table 7.16. 


7.24 


Summary of ANOVA Results for Al! Factor Field Data. 





Significance Level, a, for Given Factors 











Vactable™ R,TV5Mo e RoTV ROR MIRO TS Rev eM reo iVAMeoi Velie Mah VM V M 
QP x x x x x x x VAR x x x -075 x 004 VAR 
NQP x x x x x x x VAR x x x x x VAR VAR 
VOL x x x x x x x 004 x x 05 VAR x VAR VAR 
ECI x 01 x INT x 04 x 01 x <0 Ox VAR x x 06 
EG? x 003 x 001 x 03 x 007 x 00035 x VAR x x 02 
INF x x x x x x x 004 x x 001 VAR x VAR VAR 
SED x x x 2065 x Aas, x 01 x x x VAR x 015 VAR 

R = Replication x = a>>0.10 
T = Trampling VAR = a<<0.001 
V = Vegetation INT = a<<0.001 
M = Moisture 


Table 7.17. Summary of ANOVA Results for All Factor Chemical Data. 


Se ee i ee ee ee ees ee 
Significance Level, a, for Given Factors 
Veriablee ks) ,V,Mo Ry) wae, |, Maar, 1 eeey. M ERT RYMOLR £93¥,M AsV Teme T V,M YV M 


_ OC! -. OC OC 





EC x 001 x 005 x x x 001 x 01 x VAR x Xe e025 
pH x x x INT x x x x 4 06 x VAR x x x 
TA x 202 x 06 x x x 001 x x x 06 x VAR’ VAR 
TDS x 05 x 01 x x x 001 * 01 x VAR x Maso 
Falls x x x 025 x x x 01 x iNT 6X 4 08 x A! 
Ci- x x x x x x x x x x x x INT VAR VAR 
SO=4 x INT x el x x x 001 x 05 x VAR x x x 
Na x 02 x 025 x x x x x x x -04 x VAR VAR 
K x x x x x x x x x 03 »%« VAR x VAR VAR 
Ca x 001 x 001 x pO Dee Kgeate 15 x Oa ont XebeVAR x Men 2025 
Mg x x x 01 x 075 x .001 x 20>." xX” VAR x x VAR 

R = Replication x = a>>0.10 

T = Trampling VAR = a<<0.001 

V = Vegetation INT = a<<0.001 

M = Moisture 


TZe 


1edenCOotrelatlon Analysis 


7.5.1 Analysis Procedure 


The correlation coefficient can be used to test if two variables are 
linearly dependent or independent and correlated or uncorrelated. The corre- 
lation coefficient is defined as the ratio of the covariance to the square 


root of the product of variances of the two components. The covariance is 
defined as 


N 
1 ~ a: 
COV (x,y) = ay Ti (x, - x) (y, = 3 (7359 


S SS) 
BE gd eared D Sat Wa OE 
a 1/2 eT wae 
(Var x ‘Var y) ey 


The limits of po are plus or minus one with a value of zero for independent 
events. 

The correlation coefficient is considered significantly different from 
zero at the one percent level if it is 0.33 or greater when n= 60. At the 5 
percent significance level, the correlation coefficient should be 0.25 or 
greater to be considered different from zero when n= 60. The null hypothe- 
sis, Hiir=0, is rejected if the following equation is true. 


(7.7) 


rv¥n-2 5 - 
ee ie n-2 
1-r 
where 


r = correlation coefficient 
= number of sample variables 


t = Student t-statistic at significance level a with n-2 degrees 
of freedom 


=] 
| 


7.5.2 Results of Correlation Analysis 


Tables 7.18 to 7.20 present the results of the correlation analysis by 
vegetation type. The data for Table 7.18 includes all bare plots. The 
variables being considered are grouped into dry and wet run categories, 
Tables 7.19 and 7.20 are for plots with Mat and Nuttall bushes, respectively, 
and the variables being considered are grouped into dry and wet run 
categories. 

The results of the correlation analyses show electrical conductivity and 
total dissolved solids to be highly correlated for wet and dry runs and all 
types of vegetation cover (correlation coefficients range from 0.76 to 0.97). 
Electrical conductivity measurements for both field samples and chemical 
analyses are highly correlated and linearly dependent. 


Tear 


Table 7.18. Correlation Coefficents for Data From Bare Plots. 


BARC 224 -16 .07 SPs FSA b -20 ee TAS BES -08...-.23 
DISTC 14 ~ 17 £5.40 44 -.61 -18 tS 2G -12 =-.38 
EC2 292 976 -23 =-.06 
Dry EC 83 616° =507 
Runs TDS 12 -.04 
SED —w02 
EC2 -89 .82 s32 -02 
Wet EC 095 eo 1 =205 
Runs TDS 230) —.08 
SED ~27 





Table 7.19. Correlation Coefficents for Data From 
Plots with Mat Saltbushes. 





Dry Runs Wet Runs 
EC2 EC TDS SED VoL EC2 EC TDS SED VOL 





BARC 29 -30 .28 49 A 5 Ae Se SU ese N 47 224 
DISTC -46 .47 .49 52 -.64 -39 -38 .44 230 } ~s32 
EC2 96 .93 045 -.35 
Dry EC 97 47 ~-.33 
Runs TDS ee we tot the, 
SED —tesl t 
EC2 <9 9:eo.7 44 -.12 
Wet EC s9i7 46 =.13 
Runs TDS 43 -.14 
SED e12 


Table 7.20. Correlation Coefficents for Data From 
Plots with Nuttall Bushes. 


BARC 15 StOspe19 234 -10 22 may a2 0 oi ee ae 
DISTC 36 -38 = .30 300 E158 36 A335 | -34 -.24 
EC2 —9 456685 b 2eneres. ONT 
Dry EC O28 <22'6 on. f00 
Runs TDS 14 -01 
SED -07 
EC2 -96 .92 -30°° —.07 
Wet EC -96 s7) = J083 
Runs TDS 5 ys -03 
SED “30 


Une 


Sediment concentration and total dissolved solids were most correlated 
for the Mat saltbush vegetation cover with a correlation coefficient of 0.45 
for dry runs and 0.43 for wet runs. For the bare plots, the correlation coef- 
ficient was 0.12 and 0.30 for the dry and wet runs, respectively. The corre- 
lation coefficient between sediment concentration and total dissolved solids 
for the nuttall bush plot type was 0.14 for dry runs and 0.35 for wet runs. 
The correlation is fairly low but with small plots there would be natural 
variation expected and variation due to other factors. 

Plot runoff volumes are linearly independent and not significantly corre- 
lated with total dissolved solids except for the dry runs with Mat salt 
bushes where the correlation coefficient is -0.35. Total dissolved solids are 
correlated with electrical conductivity as previously mentioned. However, 
electrical conductivity is significantly correlated with sediment con- 
centration (the correlation coefficient is greater than 0.25) except for dry 
runs on bare plots. Therefore, sediment concentration, electrical conduc- 
tivity and total dissolved solids all represent salt content but are generally 
independent of the runoff volume. This may indicate that a large amount of 
evaporites are influencing the total dissolved solids and electrical conduc- 
tivity measurements, especially since electrical conductivity is more closely 
correlated with total dissolved solids during the wet run. 

Percent bare soil and percent disturbed are both significantly correlated 
with sediment concentration where the correlation coefficient is greater than 
0.25 except for bare plots when the correlation during wet runs is less signi- 
ficant. 

Percent disturbed is correlated with volume of runoff and the variables 
are inversely related with a correlation coefficient ranging from -0.24 to 
-0.64. A lower correlation exists between percent disturbed and volume of 
runoff for wet runs than for dry runs. Once the plot is wet, the infiltration 
rate is reduced and runoff increases. These results are based on small plot 
simulation. Trampling and vegetation cover effects may have greater variation 
or significance on a larger site due to the greater change in time to peak as 
compared to small areas. 


liad Multiple Re gression Relationship 


7.6.1 Analysis Procedure 


The purpose of the multiple regression analysis was to determine if 
various degrees of trampling induce predictable changes in the salinity pro- 
duction and infiltration rates of Mancos Shale-derived soils. For this 
reason, multiple regression relations were developed to define electrical con- 
ductivity (EC) and infiltration rates as a function of resource charac- 
terization data. A relationship was defined for each moisture condition and 
vegetation type resulting in six multiple regression equations for both EC and 
infiltration rates. The regression relationships were of the general form: 


aia + + rete : 
ag a b, x, b, x, by x (7.8) 


Numerous multiple regressions were determined for EC and infiltration 
rates as functions of different combinations of the resource characterization 
data and plots. Acceptable regressions were based on the coefficient of 
multiple determination being significantly different from zero, regression 


Cees! 


coefficients being significantly different from zero, and the information con- 
tent of the regression as determined by the ANOVA table for the regression. 
Then, a plot of the standardized residuals versus each of the independent 
variables was made to check that no trends existed in the residuals. 


7.6.2 Results 


The multiple regression equations derived for EC and infiltration are 
given in Appendix J. The first step in establishing acceptable regressions 
was evaluation of the coefficient of multiple determination. The coefficient 
of multiple determination (R ) is the square of the multiple correlation bet- 
ween the sample, independent variables and the corresponding, predicted depen- 
dent variables, and it represents the percent of the variation in the depen- 
dent variable that,can be explained by the multiple regression equation. To 
determine if the R is significantly different from zero (i.e., the regression 
equations are significant), an F-test of the null hypothesis, H :R =0 is used. 
The null hypothesis is rejected if the following equation is true: 


(n —- k - 1) 


5 > F (7.9) 
kK Giles Rp} 


R = coefficient of multiple determination 

n = number of sample variables 

k = number of independent variables in regression 

Fy ah etn te = F-statistic at significance level of a and 
k, n - k - 1 degrees of freedom 

Analysis of the coefficient of multiple regression showed R? to be 
Significantly different from zero for all cases at the five percent level and 
most cases at the 1.0 to 2.5 percent level. 

The next test was to determine if the regression coefficients were signi- 
ficantly different from zero based on the t-test. The test statistic is 
determined by dividing the regression coefficient by the standard deviation of 
the regression coefficient. If the following statement is true, the null 
hypothesis, H amb =b_,+--b =0, is rejected: 


pear’ k 
qi 
aoe 2 t d (7.10) 
be 1- 3! n-~-k-1 
where 
b. = regression coefficient for dependent variable i where 
i= 1, ce ole peat 
=a = standard deviation of regression coefficient, Dy 
ij 3 


= t-statistics at significance level of a with n-k-1 
degrees of freedom 
n = number of sample values 
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The results of the test showed all regression coefficients to be signifi- 
cantly different from zero at 5 percent and most to be significantly different 
at the 0.5 percent or less significance level. 

The regression equations are summarized in Table 7.21. The percent 
disturbed soil is a common dependent variable in all the regressions. Other 
combinations of variables, including percent rock cover, percent vegetative 
cover and percent total cover, were used to develop regression relations. The 
final relations were based on the previously described tests and maintaining 
similar variables among the relations for different vegetation type and 
moisture condition. Even though this was a consideration, Equations 1 and 5 
are functions of DISC whereas Equation 9, which should be similar, is not. 


7.7 Evaluation of the Adequacy of Sample Size 


The sample size for statistical analysis of each variable varied 
according to the data group being considered. If data was analyzed by run 
type, there were 24 samples with 15 sample values in each set. If data was 
analyzed by plot type, there were 12 samples with 30 sample values in each 
set. Analyzing data by replication number resulted in 15 samples with 24 
sample values. A general question related to all the data sets is "How many 
data values are enough for each data set?" 

To determine the number of sample values required for each set of data, 
certain assumptions are made. First, the statistical test is based on the 
number of sample values required to estimate the sample mean within a given 
accuracy at a given confidence level. An estimate of the population standard 
deviation must also be known. Based on this information, the standard 
equation used to estimate the confidence interval for the sample mean with 
known variance is solved for the sample size, with: 





pe (7.11) 


where 


n = sample size 
standard normal deviate at given significance level 
Oo = estimated population variance 

L = tolerance range of the sample mean 


If L is expressed as a fraction, f, of the mean, uw, Equation 7.12 
becomes: 
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If o is replaced by the sample unbiased standard deviation and y by the 
sample mean, the term o/i becomes the coefficient of variation as calcu- 
lated for data groups for all variables measured from the field study. The 
range of coefficients of variations can be compared to Figure 7.1 and the 
sample size required to estimate the sample mean within 15 and 20 percent ata 
~10 percent significance level is shown. The predominant range in coefficients 


Table 7.21. Summary of Multiple Regression Relations. 








Dependent Coefficients Corresponding to Multiple Coefficient of 

Eq. Moisture Vegetative Variable Coefficent Independent Variables Independent Varlables Determination 
# Condition Cover Y a EXil eo" Oe OSS Gre Dt ae ea ee ee oe r2 

1 Dry Bare EC2 102.6 DISC DISCé SLOP 16.4 -0.227 4389. 18.1 

2 Wet Bare EC2 20.6 DISC DISC* SRSLOP.. 13.2 -0.170 6156. 18.5 

5 Dry Bare INF -0.92 p1scé RFR = 0.0001 0.254 - 54.5 

4 Wet Bare INF -1.34 pisc@ RFR = 0.00004 0.283 - 33.8 

5 Dry Mat EC2 235.6 DISC DIisc® SLOP -6.76 0.181 4031. 39.3 

6 Wet Mat EC2 184.5 DISC DISC SLOP -7.35 0.174 4362. 36-1 

2 Dry Mat INF ~1.26 Disc? RFR VEGC 0.0001 0.285 0.0190 72.8 

8 Wet Mat INF -1.06 DIsc@ RFR VEGC 0.00003 0.235 0.0113 40.1 

9 Dry Nuttall! EC2 178.4 p1scé SLOP = 0.0581 3641. = 21.4 
10 Wet Nuttall EC2 71.5 p1scé SLOP = 0.0502 4561. - 31.5 
11 Dry Nuttal | | NF -1.12 p1scé RFR VEGC 0.0001 0.289 0.0081 54.4 


12 Wet Nuttall INF -1.42 Disc RFR Cs 0.00002 0.316 = 56.1 
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COEFFICIENT OF VARIATION 


Sample size as a function of coefficient 
of variation in order to estimate sample 
mean within 15 or 20 percent at a 10 per- 
cent significance level. 
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of variation for the data was from 0.1 to 0.6. The corresponding sample size 
to estimate the sample mean within 15 percent at a 10 percent significance 
level ranges from 1 to 43. Larger coefficients of variation from this study 
were associated with electrical conductivity and chemical constituent measure- 
ments. For sample statistics based on run type, there are 24 samples of size 
15. Therefore, with an estimated coefficient of variation of 0.5, a sample 
size of 7 would estimate the sample mean within 20 percent at a 10 percent 
significance level. 
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Vai is DISCUSSION OF RESULTS 
8.1 General 


Based on the statistical analysis detailed in Chapter VII, the specific 
hypotheses given in Section 1.2 can be now evaluated. Section 8.2 below con- 
siders each hypothesis individually and either supports or refutes the 
hypothesis based on the available data. Additionally, based on the field 
data, the statistical analyses and the hypothesis testing general trends can 
be identified and implications made concerning grazing management (Section 
8.3). 


8-2 Hypothesis Testing 


8.2.1 Hypothesis: The Effects of Trampling are Measurable. 


The first hypothesis stated that the effects of livestock disturbance on 
infiltration rates, runoff and sediment and salt products are measurable. To 
evaluate this, a discussion of the accuracy of each measurement compared to 
the range of measured data is required. 

Runoff and salt production (as measured by electrical conductivity) were 
measured in the field. The accuracy of the measured runoff rates is related 
to the field procedure. The volumetric method of runoff evaluation involved 
collecting runoff in a cup from the collector trough and measuring the time 
with a stop watch. The runoff was then transferred to a 100 ml graduated 
cylinder. The measured volume of runoff divided by the elapsed time resulted 
in the runoff rate. It is estimated that the volume could be defined within 
+2 ml and the elapsed time within +0.2 seconds. For the range of runoff rates 
obtained in the field, a measured accuracy of ¥0.3 ml/sec is estimated. 
Electrical conductivity (EC) was measured in the field witha conductivity 
meter. The accuracy of the meter reading is #5 umhos/cm. The range of 
measured EC was 100 to 1,800. The average EC was 450. The error is about 2 
percent of the average EC. Table 8.1 summarizes the range of measured values, 
the average of the measurements, the accuracy of the measurements and the 
error as a percent of the average of the measurements. From this table, most 
errors of measurement are within about 10 percent and many are within a 
smaller range which is an acceptable level of accuracy for experimental work. 
Three measurements with a larger percentage possible error are percent rock 
cover by point and cell method and plant height. However, these variables are 
not considered critical and the errors are acceptable. Also, the magnitude of 
the measurements is small and even small errors generate large possible per- 
centage errors. 


8.2.2 Hypothesis: The Effects of Trampling on Runoff and Salt and 
Sediment Production Far Outweigh the Role of Plant Cover Normally 
Encountered on Mancos Sites, and Characterizing Selected Study 
Sites. 


This hypothesis was found to be false in some cases due to the manner in 
which study sites were selected. Plot types were selected as bare or vege- 
tated with a percent vegetated cover ranging from 4 to 34 percent. Compared 
to the 5 to 10 percent vegetative cover normally encountered on Mancos sites 





Table 8.1. Estimated Accuracy of Measurements. 





Error as a 





Range of Average of Error of % of Average 
Variable Measurements Measurements Measurement of Measurements 
EC1 69 - 1800 451 +5 2 
EC2 50.9 ~ 1369 370 us 3 
PH (Field) 1 Dee aia 8.4 +.5 12 
OP 12.0 812s 7. 9.0 shes 7 
VRO 6628 - 18562 13382 +540 12 
RFR 5.04 - 7.9 6.53 * 12 
IFR 0,06 /— "1... Zee 0.80 * iz 
VEGP 0.0 —- 34.0 935 +.5 11 
TLLTP 0.0 - 44.0 8.9 yhed 11 
ROCKP 0.0 - 17.0 Qianl +.5 37 
TCOVP 1.0 —- 66.0 21,12 +s.0i 5 
TBARP 34.0 - 99.0 78.8 +.5 1 
DISP 0.0 - 81.0 24d ot aD 4 
VEGC 0.0 - 38.8 10.4 +.5 10 
TLITC 0.5. 39.0 9.6 +.5 10 
ROCKC 0.8 - 16.3 4.0 tuees) 25 
TCOVC 3.6 -— 64.8 24.0 +.5 4 
TBARC 35.2 ~ 96.4 76.0 brad 1 
DISC 0.0 - 81.8 25.9 ot 5 4 
DIA 0.02— 3.10 1.0,,0 +.5 10 
HEI 0.0 —- 10.0 35.5 +.5 29 
EC (Chem) 60 - 1480 446.4 “5 2 
PH (Chem) Seer SO ond 1) 5 13 
TA 9.6 - 30.6 17.0 +1 12 
TDS oO) Blas etre Oulad 0.355 +.001 1 
jae Pe ee | 0.1 +.1 100 
Cir, 0.25 - 60.0 3.1 +.1 7 
SO-4 O91 555 179.8 +.1 1 
Na 0, -; 30.4 55 +.1 4 
K 0.4 - 12 3.8 +.1 5 
Ca Cee 1.9 44.4 +.1 1 
Mg 0.607. =, 5.3 2.3 +.1 9 


*Based on volume estimate of accuracy 
i. 








= Fee! 


this selection technique for the small test plots biased the results for eva- 
luation of this hypothesis. However, there was little choice available in 
selecting the vegetated plots, due to the Sparse vegetation. When possible, 
smaller plants were used; however, as evidenced by the range of vegetative 
cover, some large plants had to be used. It was not considered feasible to 
place the edge of the plot frame through a plant due to the disturbance nig 
would create to the plant and soil. 

The bias is visible when considering the ANOVA results, Table 7.16. 
There is significant variation in the mean due to the vegetation factor for 
peak runoff, volume of runoff and infiltration rate. 


8.2.3 Hypothesis: The Effects of Livestock Disturbance on Runoff, 
and Salinity and Sediment Production Increase with 
Increased Percent Trampling Disturbances 


To evaluate the effects of increased livestock disturbance on runoff and 
salinity and sediment production, the results of the two sample t-tests are 
considered. Table 7.7 showed the results of the two sample t-tests for the 
variables of interest. The sample means of electrical conductivity measure- 
ments for trampling levels 1 and 4 are not from the same population. Also, 
the sample means for volume of runoff and sediment concentration at trampling 
levels 1 and 4 are from different populations. So, increased trampling is 
directly associated with increased salt and sediment production and inversely 
associated with runoff volume. Also, normalized peak runoff is not signifi- 
cantly affected by trampling level as is shown in Table 7.7, for a signifi- 
cance level of 1. 


8.2.4 Hypothesis: The Effects of Livestock Disturbance are 
Dependent Upon the Interaction of Soil Texture with 
Antecedent Soil Moisture Condition 


Based on the results of the ANOVA, antecedent moisture condition does 
cause significant variation in the means of runoff peak, volume of LUNOtL, 
infiltration rate and sediment concentration. The variation in the means of 
electrical conductivity due to antecedent moisture condition is Significant at 
a level of 0.04 to 0.007. 

The effect of antecedent moisture condition also shows up in the mean 
calculation where the mean trends of dry runs parallel mean trends of wet 
runs. For example, the mean of electrical conductivity and infiltration rate 
by plot type for dry runs is always slightly greater for the same plot type 
with wet runs. The mean of runoff volume by plot type for dry runs is always 
less than the mean of runoff volume by plot type for wet runs. 


8.2.5 Hypothesis: Trampling Induces Predictable Physical Changes 
in the Soil Water Infiltration Properties of Mancos 
Shale-Derived Soil 


The effects of trampling on the mean for infiltration rates is statisti- 
cally significant as shown from the results of the ANOVA (Table 72-16). An 
increase in trampling level increases the infiltration rate enough that the 
sample means for trampling level 1 and 4 are assumed to be from different 
populations (Table 7.7). Trampling level 4 corresponds to an average percent 
plot disturbance of approximately 60 percent. 


8.4 


Increased infiltration with increased trampling can be physically 
explained in two ways. First, trampling breaks up the typically hard, dry 
vesicular soil crust and consequently allows greater infiltration. Second, 
the presence of hoof prints creates increased ponding and a correspondingly 
higher infiltration rate due to standing water. 


8.2.6 Hypothesis: Plot Runoff and Soil Loss Are Related 


Plot runoff and soil loss were related for bare plots and plots with 
Nuttal bushes at the five percent level for wet runs. A correlation of plot 
runoff volume and sediment concentration by vegetative cover gave correlation 
coefficients ranging from 0.12 to 0.35, for the wet antecedent moisture condi- 
tion. The soil loss from dry run plots may be more sensitive to the availabi- 
lity of loose soil. For this condition the correlation coefficients ranged 
from -0.17 to 0.07. 


8.2.7 Hypothesis: Percent Bare Soil is a Good Predictor of Simulated 
Storm Runoff Peak Discharge and Volume. 


Based on correlation coefficients this hypothesis was not totally true. 
Correlation coefficients between percent bare soil and runoff volume ranged 
from positive to negative. Runoff volume was inversely related to percent 
disturbed. Correlation coefficients by vegetation type between percent 
disturbed and runoff volume ranged from -0.58 to -0.64 for dry runs and -0.24 
to -0.38 for wet runs (Tables 7.18 to 7.20). Peak runoff was fairly constant 
and was not correlated with other variables. 


8.2.8 Hypothesis: Total Salt Production is Independent of the Amount of 
Soil Lost from a Mancos Site Plot Via Sheet and Rill Erosion. 


For wet runs on all plots this hypothesis is not true and is also not 
true for dry runs on plots vegetated with mat saltbush only (based on the one 
or five percent significance level). The correlation coefficient between 
sediment concentration (soil loss) and electrical conductivity (salt produc- 
tion) ranged from 0.22 to 0.45 for dry runs and 0.30 to 0.44 for wet runs. 


8.3 Implications of Study Results on Grazing Management Policies 


Based on the detailed statistical analysis and hypothesis testing general 
implications regarding grazing management policy can be made. It is important 
to realize that these statements are made based on the results of this study 
using small plot rainfall simulation devices on one unique study site. 
Therefore, an understanding of the limitations imposed by the experimental 
design is essential and will be considered as required throughout the 
following discussion. To facilitate the discussion a qualitative, graphical 
summary of the study results will first be given. 

The general results of the statistical analysis and hypothesis testing 
can be summarized by qualitative graphs that illustrate the relationships bet- 
ween trampling intensity and other study variables. The qualitative graphs 
for the most significant results of the study are given in Figure 8.1. Figure 
8.2 summarizes other important results. It must be emphasized that these 
graphs are qualitative and can only be used to illustrate general trends 
‘ observed in the measured data or deduced from the data analysis. No implica- 


tions are made or suggested regarding quantitative values such as magnitudes 
or rates of change. 
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Figure 8.1. Qualitative relationships for significant study variables. 
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Figure 8.2. Qualitative relationships for other important variables. 
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The top two graphs on Figure 8.1 illustrate the increased erosion and 
salt content of the surface runoff that occurs with increased trampling. The 
bottom two graphs of the same figure illustrate the observed decrease in run- 
off volumes with increased trampling, and the corresponding increased infil- 
tration rate and time to peak. Based on these four graphs the conclusion 
could be reached that trampling increases suspended sediment concentrations 
and the relative salt content in the runoff; however, the runoff volume is 
less, due to increased infiltration and delayed time to peak runoff, resulting 
in a potentially lower sediment loss and lower total salt loading. 

This conclusion can be further substantiated by considering the type of 
storm simulated versus the type of storm typically encountered in the region. 
The simulated storm was a relatively large event consisting of a steady inten- 
sity of 2+ inches/hour for 30 minutes. For this size storm steady state 
runoff conditions were always achieved, as illustrated for the first graph of 
Figure 8.2. A more typical late summer thunderstorm for the region would not 
usually occur at a steady, high intensity for such a relatively long time 
period. Consequently, steady state conditions might not be achieved during a 
natural storm and consequently the relatively large average infiltration rate 
would further decrease runoff resulting from the storm. 

Conversely, the statistical analysis used to arrive at the graphs of 
Figure 8.1 were based on the hypothesis that the measured variables for inten- 
sity 1 (no trampling) and intensity 4 (60 percent trampling intensity) are 
from the same population. When the hypothesis was rejected it was assumed the 
variables were from different populations, i.e., from no trampling to exces- 
sive trampling a statistically significant change occurred in the variable. 
However, the question arises concerning how realistic it is to have a 60 per- 
cent trampling intensity on relatively sparse rangeland. If allowed to roam 
freely on relatively sparse rangeland, cattle tend to continue moving from one 
plant to the next, never staying in one area long enough to create intense 
trampling, unless the area is near a water source. Still, it should be noted 
that during the field season a rancher did run a relatively large herd in 
close quarters for eight to twelve miles over a time period of seven to ten 
days. In addition to foraging on the native vegetation, supplemental hay was 
used. The rancher moved the cattle continuously in a tight herd and con- 
sequently over a narrow swath over a distance of eight to twelve miles created 
intense trampling, probably greater than 60 percent. Therefore, it is not 
entirely unlikely for excessive trampling intensities to exist, although they 
cannot be considered common. For lesser trampling intensities it is antici- 
pated that the conclusion regarding reduced salt loads would remain the same 
or at worst result in no significant impact to salt loading due to the lower 
trampling intensities. However, further analysis is needed to quantify this 
conclusion. 

Another factor that has a significant impact on the conclusion that 
cattle grazing may reduce salt loading is that all results of this study are 
based on dry trampling. The observed decrease in runoff volume, increase in 
infiltration rate and delayed time to peak runoff resulted from dry soil 
trampling where no significant compaction occurred. The disturbance to the 
hard, dry vesicular crust had an effect more equivalent to reducing compac- 
tion. However, if trampling were to occur when the soil was wet, resulting in 
greater compaction, the conclusions might be substantially different. 
Therefore, the recommendation based on the implications of the study results 
would be to minimize grazing activities during the snowmelt period of spring 
and the late summer thunderstorm period. 
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Finally, the bias in the experimental design due to greater vegetation 
densities than typically encountered may modify the conclusion regarding the 
beneficial impact of grazing on salt loads. The greater cover on vegetated 
plots creates more interception per unit area in the study plot than over the 
natural rangeland (see Section 8.2.2). The tradeoff between increased salt 
production and decreased runoff volume may not be as favorable for natural 
rangeland with plant densities of five to ten percent. 

The important relations between dry and wet antecedent moisture con- 
ditions were given in the bottom three graphs of Figure 8.2. The results 
suggest that when several thunderstorms occur during a short period, the salt 
loading might increase due to greater runoff volume. It is interesting to 
note that the TDS is relatively constant from dry to wet antecedent soil 
moisture conditions. Based on field obsevations after one runoff event has 
occurred, and the soil dried, the observed disturbance created by dry 
trampling is significantly decreased. Typically, the hoof print depression 
would still be visible, however, all loose soil would be gone and the vesicu- 
lar crust re-formed. 

The final consideration in applying the study results to grazing manage- 
ment decisions is the limitation of small-plot rainfall simulation research 
conducted on one unique study site. The study results can be used for eva- 
luating relative changes and establishing general trends; however, extraction 
of quantitative numbers and use of regression relationships for quantitative 
prediction should not be done, even for areas that are similar in soil, topog- 
raphy and climate. As stated in Section 4.1, the drop forming rainfall simu- 
lator produces less raindrop energy than a natural rainstorm and also produces 
a uniform drop size. Therefore, soil loss quantities are less for the simula- 
tion than they would be for an equivalent intensity natural storm. Further, 
since the results were derived for a unique study site with a single soil type 
and uniform topography consisting of low slope, use of the regression equa- 
tions for prediction on other soil types or topography would not be feasible. 

The use of small plot rainfall simulators did produce a large amount of 
useful information, particularly related to water quality, that would have 
been difficult to obtain with any other simulator. Additionally, the ease in 
operation of this simulator allowed efficient data collection for the replica- 
tions of the experimental design. 


IX. SUMMARY AND CONCLUSION 


The purpose of this study was to collect field data in order to quantify 
and analyze the effects of trampling by livestock (during simulated grazing) 
on infiltration rates, runoff, sediment production and salt content of surface 
runoff from Mancos Shale-derived soils. Small-plot rainfall simlators were 
used to simulate summer thunderstorms. The preceding chapters describe the 
comprehensive field study and data collection and the ensuing data organiza- 
tion and preliminary statistical analysis. The analysis of the data was 
limited to calculating basic statistics (mean, standard deviations, and coef- 
ficients of skewness and variation) and testing hypotheses specified by BLM 
management. The hypothesis testing involved two sample t-Tests to determine 
if the sample means are from the same population, analysis of variance (ANOVA) 
to determine the effect of trampling, vegetative cover or moisture condition 
on means of measured variables, correlation between variables and regression 
relations to describe electrical conductivity and infiltration rates as func- 
tions of resource characterization and field data variables. 

Analysis of the data indicated that salt content measured as total 
dissolved solids or electrical conductivity increased with increased 
trampling; however, total runoff volumes decreased due to increased infiltra- 
tion rates. Therefore, grazing may have a beneficial effect on total salt 
load delivered from diffuse surface runoff sources. The generality of this 
conclusion is limited by the experimental design. The research of this study 
involved small-plot rainfall simlation on only one unique study site. 
Additionally, trampling treatments were conducted only on dry soil which 
resulted in no significant compaction. Trampling by cattle or sheep on wet 
soil may decrease infiltration and increase runoff due to the effects of com- 
paction. 


922% Conclusion 


Although the study results suggest cattle or sheep grazing, or the 
trampling effect by animals during grazing, may decrease the salt load from 
diffuse surface runoff sources, other factors must be considered in for- 
mulating grazing management policies. Overgrazing that results in excessive 
damage to the plants by trampling or elimination of decreaser plants (those 
most valuable as forage plants) will ultimately increase sediment and salt 
loading to downstream channels. Therefore, the critical factors in for- 
mulating grazing management policies may be those that help to maintain an 
adequate range condition, where range condition is defined as the status of 
the existing plant community under grazing to the potential status of the 
natural plant community without grazing for that site. 

Additional research is recommended to further quantify the results of 
this study. Consideration should be given to other soil types and topographic 
conditions. A thorough understanding of all possible conditions is necessary 
to develop adequate grazing management systems. The implementation of sound 
grazing management policies, combined with range improvement projects, will 
increase the productivity and use of rangeland. 
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APPENDIX B 


DATA TABLES 





Variable 


Table B.1. Field Data. 


Description 


Run type 

Electric Conductivity from composite sample 
(umhos/cm) 

Electric Conductivity from time-weighted average 
(umhos/cm) 

pH reading 

Normalized runoff peak (ml/sec/cm/hr) peak runoff 
divided by rainfall rate 

Volume of runoff (ml) 

Volume of runoff (in) 

Rainfall rate (cm/hr) 

Duration of Rainfall (min) 

Beginning of Runoff (min) 

End of Runoff (min) 

Slope of plot 

Infiltration rate (in/hr) 
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ID ECL EC 


rS 
ro 


NQP VRO RO RFR DR BRO ERO SLOP INF 




















| 
2Rin| 210.) 278.7 | 8.5 | 1.64214.) 19616. 0082, 08] 2.00182,.50,0260] 57 | 
2QRLW) 230.) 160.8 | 8.7 | 1.607501.11.19 : $2 1.00832,851.0260| .23) 
OMAN) OF tee eee tnt Cie ats A oo, Abbe tl O4 1S epee 
OMIW| 214 oat oe | Heo) 1 Gh 49TGo oe 1.503.000.0413] .47 
ROA Oty yl oe erty at ed ea fs veto a Ge Olt). le 44 eee 
ONIW 190.) 154,44 6.6517. 50315971. 289 8331.00. 6365] 2.49 
2H SOD AV ea Cl eared | aA 1. &itbOr, 75 04459 lees a 
CHOW AGO See. 4 19a. 4 | 2. aoe tO? 667132455 G4469 1 6 75 | 
M2] 42041 254.61 9.6.1 1. Wes ieeiatess VATS 1. S00 545 eee 
2M2U1 215.) 148.8 |B. Bo) 1. eae ieees 1.00/32). 50), 0313 oye? 
AND OOH Ae ech able See ee 1.42/30.57/,.0417| .84 
ONOUN 1465 #1 Ph ae ete is Meee ee 1.0062 .50. 0417] .41 
2BSL} 800.] 6046.8 | 8.4 1 1.44 3440,| 192 2. SRB Os 75 OS 40 [eee 
2B3Wi S700 SA6.5 | AGS | Ue Gire sland 1). OOS. OG], OS 40 |e 
OMSIN OOO OAS tee 4 ae eee oe $+ 0062. 58).0260 11.35 
MSW 249 BO. 2a Lae a ee ae 1.60030.501 0260 28s 
ONS 730.| S8G.7 9 8.4 1b 1. 4H Lose ee 6, 0082.50. 0445 11.39 
NS SSO faa tare erga: | ane PRO. 50, 05654 -B4 
RAT) SAS Oi AH pe oe) 6 APS. AS O52 1 leer eu 
ORAM DRAG) Teed eo ok cae citi eR AOs O70 50 15) eae 
M4) 730. 571.8 | 7.8 | 1.480910.) 274 1.5031.50. 0573 (1.06 
2M AL -4 SO OU Ore ae aE eae re T7AsO. oon Oo) ea 
IAN4NN600.0275.7 | 8.3 | 1.502588.| 2.85 425150 0469 1.07 
QN4AUI LILO.) 8413.1 ) 8-2 | 1.58 559598./ 1.05 1.00%0.50/).0449 ] 51 
SBA 141 Se ae eo, Pee So fon SA 2,5031.58). OSS 43 
SALW) 1798.) 104.9 1 8.8 | 1.58 54469,.] 291 .A0%0. 10 1.251. 2505181 274 
BMIN) 251.) 129.4 | 8.8 | 1.204295.) 177 . 3.83%2.5998,0156 1 .80 
SMiW! 184.1 $46.2 1 8.8 | 1.45525.) 2.05 Bt Ghee. De »92KS2. 58.0154 1 .460 
SNA 24 ap Bd ER Be els BI ES al. OBA ORS. OF | Soke Shae Gl, Oceiery HELI 
SNL UH SA ORS od dF oe AT PAGE 44) al She TTR AROS 2 fe (Fe are ati (hee tate gees 
SBA0) 440.1 2S? «28. Sh MVaAs6Sit| GFF! Pods. a 31.4 29080, 6SR 05 18) 1 GP 
SRW) SHOe FSS. Bi. 8] GOL Blas POM GaP OLD. 1 itt ell? DES eth A Leaa ae 
SM2N) 388./ 280.0 | 8.8 | 1.302658.) 693/46. 9031.10) 2.6457. 66,6318 | 292 
SM2W) 444.) 252.4 3.4 1-41 6944.) 1.151 6.9052.08 +8552. 58). 05135 Abas 
ENV LOD oh 4 PAS.» Lied AG 20 Ne PB 6 GOO. UB. 70 Se, Osea eee 
SNOW) 69+) 50-9 | 9.2 | 1-5 6895.10.15] 6.460427.08] 1.0082. 5804141 .45 | 
SES AZ Bi) SAS, He iG Lin AKRAM COO SIN 6 Ore G1 al Oe OL Olea 84 | 
SHSW) SOO eh AP oH M6005) bat PRON Nl Gell SIA AOS Gat 210) oe SS eon ken eee 
SMS) 760.) 70.4 | 8.4 11.60) 4846.) 6.461 6.7030.101 7.586.601 0260 11.72 
3M SW 420. $98. 4 8.4 L.Pioeses, +e 6.40%, 10 3+42 re ete cetata Cae 40 1.98 
SNA GE AE APB. Bp CL ROR LT A hel Ba 20 i 8 A030. 58), O1541/1.18 
SNS) 446.) 3414.3 7) 8.65 | 1.8 4221,1 696) 6.3031.081 2.5081,.58.0156 1 .63 
SR4N 660.) 484.4 67.7 1 Le ALESL2.1 0.781 6.40%0.08 $7850.58 0445 96 
SB4W) 495.1 398.9 | 7.9 | 1.50 4954.1 1.0116. 6080,.07 220.87, 0468 | 658 
SMANLISO. 9SALB | 7.7 | 1S 21. 37916. 50%0.10] 4.2550, 40, 05 D1 | fos 
SM4WU1180.) BARL4 | 767 | LSM A716) 1.10) 6.40382.08) 1672. Se. ose. | 146 
SN4N) 440-1 674.9 | O45 | 1.5) 9672.) 666) 6.80%0.10) 7.7550. 46010417 11.34 
3N4W| 410.1 290.7 18.4 11%.445145.1 1.03] 7. OO31.101 2.251.60,0417 1 .77 


Table B.1. § Continued. 


ID EG1 EGZ PH NQP- VRO RO RFR DR BRO ~=ERO SLOP INF 













































































fat 1.312042, ©3216.4030.,00/ 3.00382 ,50, 0365 »88 
or 1-645161./ 1.04/6,1060.00 + 3.4550.5010365 + 34 
i 8.40 Ve 2LyaRys e/7(6s9031.001 1.8431 .50.041711.07 
1 Pate 300 (He sieor Ss 85 16.5060.00 9080.50 0417 -85 | 
ANTM wo é Aw? 1.42893, «B7 &. 9081.60 erage aanosaer waa 
ANT LAY et Ae 8 1 ent 304% >| 1492 /)6. 8050.00 *S4HSO.50) 94465 044 
4BRN L7G. « 71S 6G L,414422,. °7B16-40352-101 12.41732.60,0260 2 &F 
4R2uW Lae 4 8.0 $e. 44976.) 1.02 /4.7060.0011,.00450. 501.0240 269 
Amey Sherremie ray. I,549 2444. 27216-3081 200] 1.46031 2.50), 0413 770 | 
peas I tAb oe Sad 12.40 4172, Pa ae! 6.80 §0.00 ©6/1390.50 O31 4 2/7 S 
ANS ee Pp aS a Kasey *BlL (6.59060 .00/ 1.7550. 501.0104 «74 
4N2W 160.7 B.i Le-40 4703.) 1.00 6-60 20,00 SAG. 50 O1L04 «49 
ARN 245.2 Led Ve HLT IO « 9839 16.7050.00] 2.105150.50,03 155 «86 
ARSW POW e & NF 6 5 ee SAAD 1.05 16.6060.00 25O80.5O) 0818 239 
SAMS) ASG.2 | 8.2? Le Ae his PES VESCOOG #24 2oe8 «75 S65 +690 
4M Su S771 | BS] 1.504743.) 1.0016.5080.00 7830. 501 O4465| 256 
AN Sn 1s LOS e424 158 «8 1.514899, P4145. 90K0.,00 + rere. BOR OO 263 
ANAU re PE QA oF Veta. 1 eG216 VS036 500) 10% 30.50) 0208 2 44 
4k4)t} S204] 474.9 8,4 Le SU2042, #32 (6501520001 SsO0082 SOLOS TS (1.02 
4AB4W) 600.) 499.461] 8.4 LeSh47/8.)/1400/6.0760.00/1.1 AZSOSOL O313 73% 
4M4)) 3946.) 402,47] 8.3 L-30868. e7416.7080.,00) 2.00380. 50, O208 11.16 
4M4W) 275.) 202.4) 8.5 DeGiise 24 « oP 16640%90.00) 1,00%0. 50,0208 262 
4N4y000.] 54.8 | 8.2 LeAWTAAES, ePnba! 7030.00) 263 5S0.50, 0365 11.10 
ANON) 8206) 265-1) O98) LERITBO.| 696 /4.80K0.00/1.00K0. 50,0465 | 664 
SBA AAG « 349.6 Prof 1.414114. 726 Os Os 0 oar Le A SHS 0 « SO Ost 4 2&9 | 
SEM SIRs OCs. 2408.0 VsALESOR EAPO TL 16s 30 ee OD Me BSS AS. OS LS +69 
Mi) 444.) 3427.9 | 7.8 Ded 7S « 680 (49-9708 2.17) 260081 .5040345 2/8 | 
SMIW) 254.) 259.4 | 7.8 Pasa OF Well 204 (Gre ¢ P77 07s. 50h O86% 248 
NIN) S30.) 244.7 1 7.7 1.408471. 2+F4/4.8061.00 2.50181 35) O47 4 239 
QNIW) 272.) 190.8 | 7.8 LeBs269.] 1.04 /6.4080.,17 5830.50, O35 13 «45 
e2N S680.) SSP. Hea VOD s SPS Gas ¢ PL 16.6061 2.900) 4.45751 .42, 0545 +B4_ 
Mpaw) BLO 4a SoS AF 6D Petes s? ei VIeto 6 6 F022 k7 9832.42), 0365 ree 
SiMe DIIMVUSGS « SH FeF 1.270184, 66915-49080 .10 714.8950. 47,04171/1.15 
SMAW) 474.1 294.8) 840 VéSlaeas « EPPUG EAU 2 be e472. GS 0417 267 
SNA G7Os-BS66e8 | 7 a7 Reape ys ©8116. 7030.17/4.75130.671.026011.903 
SNOW 720.) 641.5 | 7-8] 1.404082, 79 1/6.6060.151/1.22040,.4! re OOO ers 
SBS) 750.1 714.0 | 7.4 LeSLIB1éG,. 2 8O BC20 i: 18) 4.2512. 46). 0208 ie ae 
SRS) 447./ 416.9 448 PeSh S286. FOS, 4080.18 7850.68) 0208 The 
Seon SO Aaa oe PON aS Be PURARS s 6890 16.90155.67/7,.5054.1 7,028 4/1.25 
MSW) 2104) 183.1 Sef 1-40 4674, FES ars tel) 2rGAa2 ¢PSn O244 263 
ONS) 202.) 177.0 | 8.5 LeSeraery s E7PIST7OS Ve LO St SPs eho V2084 Ue ee 
SNSW) 179.) L241 846 L.,4h4 45735, aoe 274 O01 30.00 BO 40,50 O2068 «78 
SR4N S45.) 205.1 Ge 4 Ds We Aes s tIOASRVEISG s EA Fe P7so s ae OSE5) ese 
SR4WU) 440.) 314.0) 8.4 1,412073. 0821662480 43 3,8030.68), 0460 «$2 
IMAI 490.) 426.6 | 8.4 | 14201491, 278 /7.S0860.15/ 4.4250 65,0521 (1-352 
SM4W) 380.) 288.2) &.S 1.515656, ©9316. 35050.107/1.12950.67, 0821 Fa 
SNA 208.) 149.8] 8.7 RiBerary 3 ISI Gta daVeze bi175067 200417 1.45 
iISN4AW 164. PAs VAS a7 User se reso HVEasatve bk? 1.80/51. 647) 0417 ra 


Table B.1. Continued. 























ID EGT eZ pH NQP VRO RO RFR DR BRO ERO SLOP INF 
| | 
6BAN 3606) 366.6 | 7.7 1.495017.) 1.02 1/6,.80830.,10/1,.5030.60) 083% G4 
6RIW) 510.1°380.5 1 7.7 L-SL6961.)1.1416.50152.08 5852.59) 0835 +43 
6M1iN 30%.) 239.4 8.0 1.49 4059, 675 16679051.08)2.0031.58, 03138 +89 
SM1W) 208.) 1Sh.6 | 8.1 1.426966./1.1516.90%2.08 -7552.58,0513 ea eee | 
ONT 269.) 250.7 7.6 1.314448, *FB16.803871.908 LePEb1 a8, O41 7 ded 
NL 23h HOLS GI BaF 1.405917./12.08/6.70%2.08 67152. 58,0417 +62 | 
OR: 20) 294.1 240.9 | 7.9 VFS SS ee LOS 146 6037 6751 2.502 oe 25h07 208 +6g 
SB2W 199.) 163.0 1 8.2 L.A 7259.11.17 15.80%2.08 5362. 58h 0208 le eel | 
SMO) LYO se ao tee 6 o) 1-40 S157. BF /S.80380,101/ 0.9540, 60L O31% ett de 
6M?PW) 160.) 129.2 1 Bot 1-4095050.)1.027 (6.7030.10 °871560,60), 0313 e &O 
6N2N) 788.) 400.1 ea Lis, cip tie sh aS ©6416-4600 .10/4.171%0.460), 0208 11.34 
6N2U) 329./ 234.4 8.0 1) 1.3409 4%681. Pie 6+ 7030.08 1.5080. 58h OP OG 278 
SBS 55603544, 20. 7 LSI 4254, 2??? | &e4052.08 12.5052: S80! oo ar wee 
6RSW) 610.) 499.4 ieee J 1.646567.) 1.26/6. 9052 10 6671524460) 0208 +36 
M40) 249.) 190.8 | 8.4 Le SOS Lb. we ee Oe Sine 71) A P3S1 «S01. O4 DFR a7 
OMSW) 144, 171.4 R.6 L.645275. 12.904146.790 Ar Ae) ances 50,40), 0417 oid 
ONS 471.) 447.4 | 8.4 1 1.44196, roty rgd Oo aes 29 158 ark ad a, OF hee dao Nr 1. 24 
6NSW 394.) 334.9 | 8.4 1.307 4509, °7816.9030.08 1.0080. 58 OF es vee, 
SEAT SOs Lat lew & sive 1.301969. «BO GATED 4A 4.45/50 .58) O34 Poon) Liwabees 
G6R4W) 148.) 15%.8 | 8.6 Le 4577.12.06 16.6082, 6 23S2 6 7S OSS +64 
6M4) 270.) 167.6 | Bob 1.201658. al Fi ere 9950.40 A.PR30.60.0465 [1.18 
SM4W) S22.| 248.1 3.4 1.495702 .11.0616.9740.10 1. 4akko, 69,0465 Cae 
6N4)) 400.) 454.4 | 8.4 1.501746. 680 1/46.60350.,10/4., 671604604 OS 6S 1.00 
RAN VG Sale co Blea Z 1.585452.) 1.05 16.3061 .00/ 2,001, GOL O64 24S 
7 ERY Le ee ee a 3.2 LeSlS407.11,596)6.20%0.00 Pee SEO g 50k 0455 Wakes 
atte mak dee ein” yaa ED Ce hes Reewenis oO Oa el] Ue S672 oO dee Poo 
MIU LAS RL AD, Oar cd 1.404010, 02514550150 .00 P3806 50k O81 5 soo 
iZN1 0 249 Vesa 8.4 1.510 4433, eos ee L.SO31.50, 0394 6&4 
MAW) 151.) 128.8 | 8.8 by See ss bh ko © 60150. 00) e AHO 6 GOL O89 1 6 49 
pene: 8.2 1.403146. ar $1 6013000 1+ 3460.50, 0266 wate 
7R2 MY 829. 686.1 8.4 LeARSSS4./1.041/6.6050.00 +9040. 50R O2 460 +e 
2M: 2utl 620.) 608.7 | Gel beste ses 5 230) Ay Bote O06 26 G70. TO O625 «96 
I7M2PW 8O0.| 659.1 8.2 lr2-OL4AtSe) #7616.95050.00 7230.50), 0625 + 64 
7NOM) 24375) 246.5 | 84% 1.404154, ©8916. 4050.00] 2.4750.50, 046245 74 
NOW) 298.) 273.3 | 8.4 Le4h4eeeo, ©9771 444050 ,00 +8450, 5 0) 0625 58 
7FRANLOPO. 875.4 ‘ah 4 Lacs 8 5 +80) 5.90450.001 2.5050 50.0314 ©é3 
7R4W) YOO.) 696.8 | 6.3 1.614826./1.011/5.8030.00] 1.0030,501, 051% neo 
4S DSO 464 53-08 IAS oy Lease 7 *87148.79050.00) 1.467490. 501 9625 + ?9 
7M3U) 231.) 188.4 1 8.8 1,404974,/1.0216.70350.00 66030. 5 08 G625 «6&9 
PWNSDOCS F046 44467 68 e865 1.421459, 6/8) 6.7029 .50)] 2.4740.00, 0948 11.05 
NSW 745.) 611.8 | 8.4 | 1.405541.) 4.05 6.60381 .00 pe BSG S G0 C238 seek a 
SBS 6704452 R 4 7S L.SL1564, eF/R1 6. 2040.00 CON » eels Ong ue «88 
7E4U) 755.) 659.6 18.4 1-50 5910.)1,09/46.80%0.00 ty 7 ete 30 O82 1 roe 
7M4NNABOO.1N 469.0 | 8.2 | 1.0) 7155, 749 of 8030.00 6.2580 50h 64aT7 1.70 
7MAWI4A6O.1104.1 1 8.4% | Leenegas, *88/)7.10450.00/1,.33%0.50/,.0417 11.04 
N40 645.1 540.2 ! 6.4 eS OAl Zh ©701667030.00/ 3.0080.50), O41 3 L.v4 
7FNAUW! 470.) 392.0 ! 8,4 1-4 4440, ©+7816.9050.00! .83%O.50/.0313 +74 





Table B.1. Continued. 


wt 
i 
~ 
+ 


MSPS CON 
im Ub 





sat 
fe 


oid 


o>, 





De 


t 


- 
ae toh 


se 


Uf bt hoe bhoet eo 
LAOS! C1 0 SDs sO 
*-f¢f- e+e + FT + © 
ML 
Dotty te ite} 


e 


~ 


tw NID LE LE OS 
—_ 





WS OA DS De Met et 


! 


aS 


: 


Wont OW 
NID SOON INN LEW OR ORS 


be LOS OT os CARO SOR nD CPS 
. e s “fr $ 


au 
LAO bb DPI rosoON 
2m) 

a 


ra 








= 


in ON oO oh Oh So eh SIRI HE bet 


OF CR CAS OF 
“+ * + © ew © 
ttt A 


r 


SON SDONC LCS CONE eCCeeEH 


oe Ce CO Gt I oe Oe EF OF Ge © 46 40 Ge te fe dy oh iv ao at wo 


se 
Ne 


“. 
eet 





~ 
— 


“n 
Sted 


i ee RV SPT a 
SO SS me CASS CN CE SS GI CR OPO bu 


ot OR eS MOC Oi OS COLE On be ho a NGS ot Se a SOO 
Th LEC Oe POON NI ORO CANE ON eS SONS OR 


~ 
vw 
CIC ME ht be, 


= *s rn . . 
KOLA He SRE EGE Pe © Sesll ahe DES Rell alee. 
a “mm : 
I Be Bee 
~ > * ¢ ¢ °° + Ld rT + + + +> +¢ ¢ ++ ° + ¢ + > + © * + + ¢ * + ¢ 


oF 


Cos! os o> SO 40 OF 
PAE DINO Ss Op et et SC SC St 0 St OC 


nd 
oO 
* 


tC OFk6 9a Sik N es RC OLE Sire Peed BES Bie 


° 
' 


on 


~ 

et 

(2 BS DT eh 
or 


ae 
MOPS oe Ip OR So Th SINT COO UTR NON NC SC AN  b 


J ee ee ee en ee ee 


FSO IC OLE OO Se PILI OLN 
MS et 
SETRI RS od 
Th EGE 
? * 


oF NO SOT 


<6 20 ooce 


wm D, 


Te in DO ROE 


: 
“Nn 


WO RC % 
EES IE EE ES EE SS SS SC NO 


“”~ 


OC 


Ee Et oF ce ge Ot CF Tt te Se & Te Ge “eo e Ge Fe Rete ge fe ce ce ce Go Ce uo ge Yo. te ie GF Ke 1 te O ae ae 40 40: de Ge cee of nie a0 


a Ne I I Re RE Ro ae ee a 


© 1 1 OF OF OF OF Oe OD bP Se eee Oe Uw le 


we BC OS UE A Se LE Se ODO NIN bo OUI bh NS be 13 


oo; ee? ee PF ee ee + -  Y f Ff Ff FF © CC Ce Fe & + 


SHAR SAR SNMO ONES Leo 


TONES PSE De De NE sO GS 
SRN SO PISO De so OD Oh Op fe SING 


> et ESI OS OF Uv i 
as 
° i 





“a Riko alba oy4 ©; 
Ss 


RO REFER DR BRO ERO SLOP 





x 
te 

















rar 
* 
> 
~ 
nt 
‘en 
> 
ot 
wot 
wt 
. 


B1L.S6. 0349 
235) O35 49 
6080469 


i 1.58).0545 
As ils O SiGe 
0.628 6469 
$0.60,0469 
1647 OP BS 
3h ia Ol le CZ pice 
, $0.50, 04 
+ SSO; Gi 
Pe SQ. oc 


if 
nm 
1 
tie 
. G 7 % € t} pd is 4 
1 
Q 
1, 
if 


MORESO ANDSNES 


CWS PMR DST SISO BCA COLO 


~ 
ond 


21 SehOSt 17 03) 67 re 

:O6). 34.7057 ,17 PAS2 67 OSA 
B3/6.5031.15) 2.0031 .50, 057% 
9217+ 4052.17 Zane oth Qos 5 
616-.9041.17) 1.75151 .58. 057% 
AeeONse. ls 49132 .52|.05 735 
80} 6.0031.05) 1.92181. 75),0469 
8+-6042.1% 6762475. 44D 
8816.6032.15) 2.47/52, 44. 0521 
1.01)6.5030.17) 1.0880,92. 0521 
07/2/59 -BOS2.12) 5.00482 .80,04469 
BY &-4G30.15 Pee Se OASEP 
/8 (6.00 S2.17) 5.42182 8S, O48 135 
2841 9s SOSG,. O35 7 FSO eS OSHS 
oP Se 7 OS2607) 4.00845. 00,0513 
+FO/S6.0031.17) 2.0882. 10, 0313 
+74 /6.1081.15) 2.502.008 0521 
08 6.2030, 15 1L,0050,92, 0821 
‘ 668030. 15) &. O13 OO, O31 4 
> 629080.)2) 1.331.002.0313 
se PAN deg A Zl) Sta Sh 63). 0234 

50 92 

'¢) 

Cah 

O 

Aes 

6& 

Ol! 





ptt OC oR 

ae 

. 

i 

So 
RENE 

on, * x 
a 

> 

= 

—_ 
ee 

Peas 


+ 
Fits 


+ BAI. OF 


+O O 


bse COS178 DOSO. 6 Oss Ol O- 
s 9) nye) eet 


+ 
pay! 
an 
ee 
rea 
7 
aa 
+ 
peas 
if 
: 
Stee AEDES ES oe fo ge te Hee io te shot sell Bo ei ie fe ete be Oe te tee de 


AG. SO], G4 
e416. 3932 ONT SE 30152 30h 02: 
SHO 6 8 ORs 

2 $0.501.0677 
Ba ia one . tol 4. 245150.50) 0477 


ett On tat ot Os Oh Ge OE 


int 
+ 
oft 
a 
* 
iS 
REE. ee 
No so OO Od os SOG Ge 


iS 


Sot Oe 


abet 


week 


Mh Oo OC CIO OLN SCAU ONE & OG 


— 


tt 
aed 


er 
SP ag GY cae Oe CIT I TI GE eee I Ne ce Laer KG Mee NPY ea EVE Ee i Ae nD a AE ali: GHP idle atl Sits, bel a, EU cob Sh ity Wee Mae te 


3 O iw DS CASE CTO OO CA ON SO LEONI OG SOD 40 


WODeEE OMRON b bob ROD WR ORR 


Bare 
Gr D> OLAS Ch COP St oh 0 ib OO SY i Ot 


Continued. 


Table Bet lie 


ERO SLOP INF 


EC1 EG2 PH NQP  VRO RO RFR DR BRO 


ID 


i  ———————————————————— 





CIT NOT ST OMT OO MT TO SR CIN T OM OR CORD TDN ANTI 
XIISKCWA GHAR RM OTOM AT OT ROCM ES VAM DENMARK CUN NOES 


- + > ~~ 2 > + - + > +e > -*- > & > eo. + > - > + > ~_ o> + > > ¢ + > DP rei + + *- + > o~- + > > 





















= Daa’ = rT wt ptt 4 rt et ~ Soa bo | 
a 
; ms, yt wa Ome ae ’ by , * H 
MM NNN NEU OI OeCoOT TNR MAN DAM MK MOCO COCLOMN TT 
: 4 Terie ot MODACO OWN COM MM Mere eee CMS VNC OCMC SMS 
Bote weit HEED OS TEED MS See SEE ME he OE EET SOD PRE ST SEEING MO ES Td ae Oe TE OO ee Sn ON 
. aS tr eek a Geek eS GIO In FO 9 aD YS SEALE NS Re DSP AT WD YIU es PP ME SIL TL 
: + - + + id + 2 + > + + + * > + + ind OS) 1S > > > + + + 2 > -_ + + + oe + - + 
aha ka ary aL ie Ua eae eer Phe Ste Porn eael hia Par axons ps Pac Jey pas Otay re ai arte Sec bait ee aT oy ihe See Eee 
3 3 ; IPDPOC He EN Oto SC TIM CUNNING OOO OOO OS 
+ 08. + © £6 6 + 6 £696 °% + © 2 + & od 4 4 2 € 2 © 4 6 + & © + & @ 4 + 2% @ 
POM COO M MMS Crt tr eG MES EEO OE Me Oe OG OO OOO et 
pas pAPU NEL Eee D POS Ata P ee Stee ere Pubd PUR RiP OND rt Pl GPU RA Oa PsP WR PUAN e PUD E peed RR ESen hh hex el MeWOePIC PS Ln 
SN MNSNI AAC OM eMOCMINANS COM SROCSSHMNSCANRCM ASR SOMOS 
SM Choris OS SRS ORS Ae ROA CS SOTO NSHP CHARS HK SHON KS 
> + > os »+ > > -~ +> + od + ¢ > > i a > + 2 + > os + + > ~~ > + + - + + + » + 2 + ¢ + > ++ + a > 
eta Mrtet oS Sh St ONS Ne Ol Sh Meth petit Niet ed et 
STOOLS ROM N MMMM NINA MOURN NEN IN 
— CoCr Or tris tot et 
> > > > + > + 2 + + + 
ae a BOBS S Drie TE RTS Oe Oe oe So My 
PPA SO PPT ira Para EAP pe Bio irr Dire Sa PA ear eB BP TR ep PME NG MS 
MSO aOSoS SC Solo SeSl eis SSC eS eee ee 
PSY PONE Oe SPN EE SE SE Op SP OD SO ST NGS PS 
+ + -~ + > > - + ca - + + + > > + 2 < -* + + + > + + + +2 + + > 
MENS MONE ED SSC rT SNOOP SO SOUT NO SOUT SE CUT ET OE 
ST NOOO IN Shr tC SS Tt 00 BSN SN SCS TT Me SC 
CeECCOINCoSCSEOSOCLCSCCOCTOCMNSCSCVATANRDPOD 
> + > + + > > »- > + ~ + > id -_ + > + “s+ ©} - + + + - + + + @ > 
rir rt _ = trod 





} 














Sa eg ee en nee thee ne es Me re nee Se ee ee ee 


2£ 


cera ~ N Stes Seas A CSON Ste ft MOI at wi NP COSTS: Mea SE OS PON Oe Od OO See 
OMM OS MRS SMES EA SRNTE MAG Ee SO MOM MLAS CR RODEN SD 
Phe a Se aN sas Tet Se sp 05 Te 2 oh oa et ess rs UID Oe SET OL US Se OO SE COS rt 


eee She SAMS PN SON MMO md Co Cnr TNMMETHS OHMORAD MT 

















Mu O00 Se 80 SO OS at re Oe Sg NG THO EIN et Se SO oh tr SS STON Te et OS 
are + OP 6 bE HHH HHH HEH HHH eH KH HH HH SF HO HHH HHH HH EHS HH eH © HH HF S 8 


NRNOGMONSM NCSL SOTO VL TSeCTOSCN SET eA SOT eT Career err es 








Ups Os SCOR STIS SER TR EIN NPG NOS SIG DON tt SOG COO et Pe 0 OSE NO 
2 + > *- + * > -~ + & + > + + » + * > > + + oa La > + + + + > + c > + o - > + + + + 2 + > ¢ + 
MEO SO MUD TE CE PON SOE OS SG EIN ST OT ING IG ET TONING OS NO SET ON Hie 
Fa Sh abe OF NN TOON PG th POO COR Ie toe TOS MMU H ON et NOTE TE 
et MOG a IN BEST UT ST OG Me eR OR ER RAT MM tio i mith ans 


65 6 + .* © 626 ,9 © 42. F Se 








e+ Se) oe oe (VS TS ch SS SO) he oS SOLAS OO: Om 
SSUGANMOMMACENSCOCH MOM SCORN MOEN MINIS MOT 
NE PS SCCG OR UD ES NG tO DENG OG SD Oe OT OG et EG EN eth eT OS 
soien MENTO SAIN EM SE SPIN it ee a GT SET Ds rt re rt Oe ORG 
+ ria = 
RBI SIH BASRBBM BSR SRA SSSR SSSR BASRA SAS ASHKSRSBRSASBASaSaSSas 
te SE dd ek MDD ND EE ST et st et ett me TE TG ED GS POI ST ESL 
RMRELSLHMEERSES ESSER MEST EMRE LSS MAE LSE MMe eee MeeLeS 


OCOcooocCcococSoOCCSCOCOCOCOCOCOSCH Kn ttre ntti 
MAMAN tit ier Min nid rintstianitinietecdtet et 


Continued. 


Table B.1. 


ERO SLOP INF 


ECI EGZ PH NQP- VRO RO RFR DR BRO 


ID 


















i 
TOVUMNEIMMTUPTOTM OC TOG ONC OST. CSOT TIS MOTTE 3 TOMM HO 




















OnmyT 

. R fe oan) : aes 3 ry: 
IN DOOM CWARKOLUM MHRA R ATOM OOM CON OON BROS AME MOMs 
sot hg eae Gah) a kd: SERS) RS Kl Sy he tg (A ee, lige Qe Oe GA wih ace Gh hob! Boy Se Big hy Ee Me, wee aie DE, ate eRe ied Mae 
ee See ay eat —_—$$—<— $$ $$ . 
MEAT CU ORIN OS DS PN SS TOS PS CADE MM OTR KO CONDO O SNS SOMME MOS Mooexr 
Meas ee COs MO Geet eA MOO Mera SN tet et oa SS 
CECE OE Shetet ONSEN SS ESOT TON OS TNS IE ONO SO MS OG Me cdo OY 
SoSscsceoectcececcossolveocecocrcosc Coots 
fe Be te eb we 16 > oe) HH HS 9 + HH Ot CJ ee 
CMC MON SNS MGM MOSM NOMS MCS MIN UT OG 
HIT TTS UG TT te TOE ON: MINING S 
nt &| & & 420 Te we ee 6 8 eo 6 8F ee SOs Se -~o¢ ¢ + 
KOSBSOCODMMNMONMNSOSS OSC nH Son oe K COSMOS ree SMT 
alt’ ih. aks ai. ott. git ot oh. Si bi Eke Di Oe Oi Kn She ORES bt a PE pit iy, 
Rae DS Bt ST Pier Bast Pe Tes Bac Mr Ht Pret Ser Ret Se a ee ate. AOE Sag SS 
Sa ROI PS ERPs eae Ot fee ON Ws oOS 
MSN MMO CM CM MOK TN ONIN OS GAC Ww 
E44) lous) Mel athe Sa the, 4180, 45 Ore 6 See ee OS SE STS eS eS Se “e+ © + @ 
eestor yer MI TM wm Me 
a SS -_—O —— - 
NOMS SHRSMMOCSN SCOOT SSC NN SLT SCloaSC Tr Soo lSS 
mmm CO OSCSM SCS COC Sons CoCo M orn os 
+ 6) 4a Se EOS OO a rt Ne HERONS OES CSREES 
eer a erates ane SOS DOS SH SSO HSS SSS SS SS SSS SES MSCS SSS oN 
bia RPE Beaton Lie sleceline zits SOMONE MEME NS MS ptt ND NS ND NG AS ND NOD SMEG NS ND NO MS MD POPE Ne 
< 7S SPSS SSSSSsssoscsseoscsesses Sososesccolccsc ll SoS SSS 
Ww SSS eS a Oa BEG eee MPG OMIM NMOS Eee OMS SCH 
é he ey ee i ia Ig ee ge a ee LR Oe PO Ne i 
Ct ; BME PS SMO: UD PNP MO SON rt PS NOOSE NE NO EE 
Oot DN MUO TOMS MACON RCN RCC EMM NOS HR MAG UNS hROT 
SDROERCROMAOCRHRHMORAOALGCANSEEROLAROCOBRS TENS CHCHSNACHCH 
2 + eA oH HH He eH HF HH EN hh eC Bh OO ee 

ot, im _ = ~ Sad = ™ 

Se ee. eee ee ee 





- + ¢ +--+ + > * + & 4+ > -+ & > + o> > + + ¢ ¢@ *~ oc + + +» & - + > & 7 + & + + + & + > ee + * + 
Ch et NE OES UG IN SOS TSO US SO INSETS 0 TT TR UG DONTE INNES IM CMTS NNT IN 
NAGAI MORMAC ORS MMMM OM NM MOCO TNC RMN CNRS Db CAT MN re 
TM OONCIIMNMAM EMC AM CoC De CRON TE KRW MOC CM SHI Coil we 
UE ME ig Ss OT DE et TOM OE TT ee I TN ta eT AM TOM RM 

Ba Te irs rt rt 
DOS PTS SI OEM SOLS OMI O MIM MMM tres PM Ne TIN 
pin a aeeie, o> Ath 4 io) Reo yek SEES SCS) Ae tae a SO RR ORO ee ee ee ea 
Se geet oe ot ee ee et aT es eee a ee i pe ee ce 





pe 


fim sep g e 
mT ETN DONOR DIT ET SIDI NT PN TH OT NN ON OG 
ei Sn Mp eal Oe ee ee Se ea ee SF a EI OE Ne Ch a OS Ce FS Se aie 


cc ofa einen ehe Situ cTs che pia Ure ste ok sede okesks sit sia weste ss exe sue ste ere eRe eke 01 SRS OES che rterge sae 2he PTC ONS SEC eRe vre Che She 58 C8) 








CIMA AAEM AMAR CINN TAOS TCT MON DOM MOOT Re Tet OH TNS 
- + + & 2 Pe H s &¢ % Pe ee a J aD > + 2+ + -~ + + 4+ oo A + & HS 
DR DEES OD SGN UE PSTD EC POR CUEOIN OE MING IG ODENSE IN CEG OF TG 
CU Mae ATOR TMP CMP RMA TET OMT NK OCPRMT MOM AM S 
BE et mt rete NG TSE ON EOD EN SPN ST DCN SE OST De PG Dm NOT 


at er la ere i Ol Rea ae ne a Ee RR ER OR CR Oa Ose Se See 
TMOMIKSOCKCHGIMMNC MCPS MNCKMIN CEMA CNRS OTOODSG 

NOM MNGCOM OR OKRRORSCITMMC ENOCH KM MOMMA NG rte © 

Am Oe Pius Co Da Dd ed PN SG MINN OE TP PN ER dS I Te gs ONO OG SOG 

DN at Te eee ee Fy ee Pe ee Oh ee eS eee 

% wd heh Ded Seg EME ME res et ee EO ONG PG PO VT I 

rent eared a end oo ae Gt has | oo Rad & 1 fed a acd Berge Reve eka) halt as Baad a? ba pi a2 ia? bard of a2 ae POND STOOD SD OD 
paar pee ee a ree eee re ee ee ee ce Bee Rr Be Be Me Bc Ba Ba Bs Br OB Bs se 





nT 











Continued. 


Table B.1. 


ERO SLOP INF 


EGI EC2 pH NQP VRO RO RFR DR BRO 


ID 











eel 
























Sea T OCI DR BMG OOMA OH OCTRA II TIIN SOMA OTHE T MSP. TMCIPS PSO 
RT OI ING CO CMC OND NOMS GMT SE MORNE SOO DS CH rt MSP NTA LD PS C0 BIN 
> ~~ @ oa? ¢ + ae + s+ + + -_ + + + o+ «+ > a nati Se > + > + > oo + > + > + > + + + + > o:? + + > 
Mort rE eto et =_ eortrts rt r m ore 
MEMS MY MONO SO RHO SCP Oe OE MC ONO SMM OA ANI MISSES NBIC SO SWC a CO 
SHH KE COCO SK HOCK SMMC Ce MONK er BCE RK SAAN AMES 
MES PY Ses et ST EEE OES EE OS ed ei EGE EME SD EP SEG pet ot ST SUES TO SOMO De OES 
SSOSCSSoSOSSOCSSCOSSCSCSSSoSsescoocseo ls oSeoC oc Ses Soe Soo ecse CoC eS ooe SS 
+ © @# - > + + ee nal - + = + + + - + - + - + = od » + + + > > + ¢& > - + + + os + & > + > +¢ > >. 
SSONASN DIO NE RMNOMONRNINGCONN NN ONS LS OSNN SOSMSOMN XEON ES 
CUCM OM GMOEM ANRC ROC SCCNCSET TTT AHN se Oo MOM MOM TTIW 
- - @ o> ¢ + + ¢ = -~+ + + Pie oo * ree ee ee eT Sah. it > + > + > - + + ad -_ + + + ¢ > ++ > > 
MMM NSM MMO SCN ME NOCH Cre KH SH or onl er thom NOS mOCN OOS Som 
DOr arene tend abd oP eae nO ata we Rha eT APE he wheal ic? aPa RPA RPE RED BS TPR RPE LE Mae Be ata RE eke net aedree POEM be ratl oP Natit ner eae | 
ONS Gin OS ee SAIS Sa S IS NPN OS SOs Oe GS YF PS SS NE 
SOSMMAMA HOG MOCK ANSE OMNI NIC STEM MSOC REIN Lowe Ces os 
Tr eg tae ea er ety fig ta Sp ee) eee Ue ae ee ee Oe CR eke aes eras oer a en eeeems 
Sf itu Ot) Ceo D> Sat hS UES Se UES ete es tS es et Sc ee 
MOD MEN SEM OM CUT MUTINISG MINNA NNN MSCS OCR MOCKS EE LCOS TONS VOR ITS 
Tess se Na A Gas ant rh oo OS gee a Mette HOSS SNS ett eMoSos 
Se. es eo les 6 kee oe ce ce ke bee Reh ee ORS OE eT eh eee EO Se) Bik Sine 
ele Mr OM MOO OMM MNOS HM OMS SC SH OM SMM MANS NOSSO SC NOS Som 
Trotter ett tatheeteehadtettart x? ter taPhaP i wrest TaPESPL SPR SPTSPT AP ESPEADT SPE SPE SE aT SPESPT SPR AP TR ESP EAP PTSPESER PIP 
CoC tooo SS eo Soe Sec So ces SSescSe So stsssssecccossocessorsercs 
HORMEL ST CONAN SHANNA TMC N ACH NMONS LET OCEANA AONE 
¢ + + e+ 4 - 2 > + + + > + + + > - + + ~~ + + > + > > > + + * - + + ¢ +? + > ~ + + a > 
MONET MESO ONO ENE EO CN NIGER EEN GSC NII COON YW HTSO SS PN DANO SOS UTNE NG SO USE IN IN ON 
TIN NC UTOS SP AT A Se Ain PECK SAMS LON RRM tS Tome TSH ST Sys h OMNIS 
SHVSROCHACHAM HEC CHOAN Suto we NER GRESLONHORSKRREANBRLONACSH 
- + ¢ * + © + os + 2 > -~ + > 2} + -~ * + + + + o“ + + > -_ + + > > + & > > + + +o + + oe + 2 
ba Tho ~~ és = Dr 5 aed Sa _ —_ , aa 
os + + + + & +4 ¢ 4 9 + - > + s+ 2+ + & + «4+ @ > o> + + + > > + aad - + + > eo + 2 > + + * > + 2 > 
SMOOMRONM COS ORM CONN EMO MAMN DAN TAM Dm ONCR T TORS 
LOM MID GSH MARE A SSRN NG LAS CRO TUE T TLONN STS 
MOND TEE NG IN SOUT SP DOM NO SO MCR SOM UGS ST TST NOP IN INS SE Gt re NTT 
PN, BS YONG UD EESTI CO ISO OME SIT NN ST OD OE NEG ST ET eer 1G TO 
a ee ee mrt me! eee nme cer mmm rnin =. 
ST SAS SPS Se POI TS SS SSE AG OG SOP AT IT eNO DPI OC ot 


oe it ma aa et Se ca gS Ma aa ns ae ka EB a Oa on a NE mm ior ete et ot 


DAN OE OUT DO PTC UT SPS OM ENS ET UT NIN DS OS rT A et SON PTS 
Se ee at eae oe Se ue cg ge ee Mae eg Ee ae a ee tee ae eae ee os meee 
HCUVOCANOKKRK KKM KTSCCKeCeceCeccVvrcTrceercererrerrrcrrnrrerernerea 


MM ONE MOGI SCM RHA SOUR CRM OOM MANDAN RR THN C OM TOON 

* + * Swe be Se Bae Oe ee eT ON OR ee OT a Se OR Be SR EP ee Se 
: MMM ONHK SRIF GMACH HMA AMR ICOM TREC M ee TET OOO 
NISMO ROR ANTRAONMOMNR i Crin TOON CHM NEOCRON ION ONS rin 
MNS MM IN SoM MEN MNRAS MOM MOSM MMM TMM ON 
~~ 

















- + > + aa > + > id 

RAM ISCO ITI OR Se NTS UR GUT OT TS A Oh OG COO OR MM AG NCO 
TOBNTI TROT HE ACM MOS ON NER OSS Sed 9 06 SO SE POO ee 
Deg es ON TG ed et EN ee ee ET OS it ST IO se PP Ge SN 

mom aed ° 
SSA SASS SoS S SHS SSSA SABA SAS ABABA SRS ABAIS SSS ABRSRS 
etre et md OE a TS Te Deh OPE PS ESE tet Se Ras HW a a I ae as hag eG ea es td diet TEES NG MS MONE SS SS 
pe Ee SE > ier 2a a= Sy ELE eee eecse KMS SUMMELKSSKMESSSGUMESLSSE RELL AZS 


ceeerdedede see eee ee Tee Se SH ND inn WUD Pt PT a UT £9 > a 


ing ors Nom Sosel a peal oa melo ea) HAAN tet tris etintseniet 














Table B.2. Resources Characterization Data. 





Variable Format Description 


ID 15 Plot Type 

VEGP F5.1 Vegetative cover from the point method, in percent 

TLITP F5.1 Litter cover from the point method, in percent 

ROCKP F5.1 Rock cover from the point method, in percent 

TCOVP F5.1 Total cover from the point method, in percent 

TBARP F5.1 Total bare ground from the point method, in percent 

DISP F5.1 Disturbed bare ground from the point method, in 
percent 

VEGC F5.1 Vegetative cover from the cell method, in percent 

TLITC DELS) oat Litter cover from the cell method, in percent 

ROCKC F5.1 Rock cover from the cell method, in percent 

TCOVC F5.1 Total cover from the cell method, in percent 

TBARC jime yee Total bare ground from the cell method, in percent 

DISC F5.1 Disturbed bare ground from the cell method, in percent 

DIA Bote Plant diameter, inches 

HEI ES Plant height, inches 

MOU gS Mounding category 
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Table B.3. Soil Moisture Data by Plot Type. 
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Table B.4. Sediment Concentration Data. 


wo eee Lan oe She OS ee a ee Ue Be ee eee ee 
Format (15, 15F5.0) 
es ne DN UO ile a eS es a ed es 2 A ee, * DS 
Replication 


il 2 3 4 5 6 7 8 9 10 i) 12 13 14 15 















IBG40 18260 B70 (8460 130001 1 70014750 617470. 2040 [1030017580 8600 (8230. 
eee O 910 FASO 117140 8030 afl 14008710 616200 154004220 15400 (7 100 6/4990 116600 16570 
MLN9 90 [560 018750 7820 1700 9290 250 [7440 LOZ 00K 11004260 7 480 LOSOOBO7O IAA 

31014310 S850 114750 73270 FO M4640 16160 8190 104002310 TAG 18190 16640 718 « 
HU 7 iO a Oe a AG G90 te LO cB aHO PH SO FP 120 116640 4 19 6910 6171107190 16770. 
NTU 190 ah 40 16440 230 7670 70 [7320 6870 [7020 6560 (3550 6800 HILO 970 520 » 
NOTId LOO 14001 OS007510 9580 LA SO0R750 BN10 (8550 .7100.)7290 11 000R400 117000 1200 


BROW BSO (B90 (8150 ($899 5) 
MONB7O0 JLO2ZOOLCOOD6S30. 
M2WI7340 18140-8530 .3 290.7150. 
N2018 340.11 2400/11 60019680. 
N2WSS40 [LOP9O009 729 6009 6940, 
RSI O2 001 22001 O2007 18009210, 
RZW6960 17920 (6560 18480 (6840 13200060 68% 24 a i¢ 
M SOIL L SOOT L LOOP SO 18290 [7790 (84640 142007270 9140 6520 6B 
0.198220 64076 16260 4320 05 
M3WR440.8220 170 16460 4320 Pars eats 


6290 (B540 [668005920 76506 
104001 28008470 -[L 160012100 
2870 (70 1B 240 lh 260 (B240 17190. 
Bee Tee PSs HoT aSOOT 27 00/1 1500 
4030 19210 (753067790 [LOSOO7 360. 
Fe a eS erat 
6800 .8900 18350 (8520 6750 ./7700. 















7260/8880 |S090. 
6770.|9680, 










440 18940 15740 4010-67706 
LOAOOL T4001 7400 
6820 .17490 880 (7620 14600 
3800 | 150010400 

8980.6080.] 
9420 19840 ./10500 


50 16620 -17410,./8580. 
Manies40 ‘ ee 8 oh azod LLPOQLLSOOL LZ OGL L409 ? 
M4Wi5570 1 0600 020087890 8580. IF7O¢ 
N41 650.1 46009990 ./7210. LAe0e 
N4WI7450.9140.6910 615500 154460 15779 IB S70 16920 [E2100 











Table B.5. Chemical Data. 
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Table B.6. Woodside Trampling Study Site - Soil Variability 
Study Results.* 


Sample Description pH EC Ga** Mg** Na** SAR 
# 1 O-2cm Tat> 1.16 321.7 TD’. 3 9.0 026,13 
# 1 2-6cm 135 2020 625.0 44.3 27.0 0.28 
# 2 O-2cm eto VND As 650.0 41.5 Sehesd 0.32 
7.3 \'Q.2cm 7.85 2.18 635.0 Shaped! 38.0 0.40 
# 4 OQ-2cm 7.78 2.40 648.3 56.0 28.0 0.28 
#5 O-2cm 7.88 Anes 2 616.7 34.3 27.0 0.29 
# 6 O-2cm 7.83 2.28 615.0 36.7 3 Sia 0.38 
# 6 2-6cm 7274 2.70 S760) 118.0 62.6 0.62 
# 7 OQ-2cm Leo 2.88 606.5 43.7 111.0 1.17 
# 8 , esis Zuee 603.3 28.0 23.0 0.25 
# 9 O-2cm 7.81 Dae ih 611.7 Sie 50.0 0°53 
#10 O-2cm Uae: 2.40 581.4 36%. / 84.3 0.92 
#11 7.77 1.85 511.7 30.4 18.2 0.21 
#12 7.90 2202 668.3 SEAS 133.3 1.33 
#13 7.81 ASW 648.3 33.3 S32 0.34 
#14 OQO-2cm 7.86 2-24 630.0 35.6 Saat 0.24 
#15 O-2cm 8.23 11.00 276037 161.7 2336 27.60 
#16 eae (> Pye o 12.30 255313 201.6 2443 27.68 
#17 O-2cm 8.43 8.13 81.7 110.0 1833 S143 
#18 O-2cm 8.42 11.74 248.3 111.8 2430 32017 


**Vvalues in mg/L of saturation extract. 


‘“*Analytical work performed by the Reclamation Research Laboratory, Montana 
State University, Bozeman, MT, under the direction of Dr. Frank Munshower. 


Table B.7. Woodside Trampling Study Site - Soil Variability 
Study, Profile Descriptions* 


Soil sawupling on the Simons, Li, and Associates Trampling Study Site to determine 
spatial variability in the soil resource. 


Notes from the preiiles sampled for analysis. 
Sample Depth(s} Notes 
No. 
Z O-2 sem Located in the southwest corner of the second 
2-6 cn plot west of the dozer trail. Some cementation 


or weak blocky structure at 1.5 to 2 cm; definite 
particles present at depths greater than 6 cm; 
some strate have white salt encrustrations within 
the shale materials; fine shale particles up to 
1.5 cm in diameter and 1 mm in tiiickness occur at 
12-15 cm; polygonal surface piételets that are of 
pedogenic origin are 6-10 by 129-15 cm in diameter 
and average about 0.5 cm in thickness. 


2 0-2 cn ‘Thickness in the surface crusts ranges from 0.4 to 
0.8 cm and are polygonal in character; platelets are 
3-6 by 6-12 cm in diameter; very fine shale particles 
1-3 mm in diameter lie just below the surface 
polygonal structure. 


3 0-2 cx Atriplex nuttalli which is 20-35 cm in diameter 
lies upslope; 2-5 mm diameter shale platelets 
occur at 2 cm in depth; there is some gradation 
in size from the surface downward in the identi- 
fiable shale platelets; 0.8-1.2 cm thick polygons 
or surface plates which are 4-7 x 8-14 cm in 
diameter; Eriogonom inflatum o- or near the 
sampling site. 


4 0-2 cn Eriogonum inflatum in the plot; 1-3 mm diameter 
shale platelets at 2 cm; polygenar structural 
on the surface are 0.6-1 cm in thickness and 
4-8 x 8-15 cm in diameter; few salt precipitates 
in the shale platelets are fouzd deeper in the 
regolith. 


5 0-2 cr More apparent physical weathering at this site; 1-2 mm 
platelet diameter at 2 cm in depth; polvgonar surface 
plates are 5-8 mm thick; and 5-8 x 6-12 cm in 
diameter; Eriogonum inflatum occurs in the plot; 
surface stains (iron cemented Zossiliferous material 
with mudstone undersurface) are present. 


*Observations made by Scott Fisher, BLM staff. 


Table B.7. (continued) 


Sample Depth(s) Notes 

Ko. 

6 0-2 and 0-2 cm the shale platelets are less than 2 mm in 
2-6 cm diameter but seemingly well-weathered; Eriogonum 


inflatum occurs on the surface as litter; 2-6 cm 
has shale platelets 2-5 mm in diameter but these 
platelets have more extensive weathering than 

on many other sites; fine white precipitates 

occur at 3-5 cm in depth; surface polygonar 

plates are 3-6 mm in thickness and 8-10 x 1)-15 cm 
in diameter. 


q 0-2 cm Many salt precipitates in the shale; 1-4 mm 
diameter shale platelets occur at 2 cm; hard 
indurated stones occur on the surface. 


8 0-2 cm Eriogonum inflatum occurs on the surface of the 
plot; channels occur 50 cm on each side of the 
shrub and are in a southwesterly direction; 0.5-1.5 cm 
shale particles occur at the base of these channels; 
large surface plates or polygons occur which are 
8-15 mm in thickness and 8-12 x 10-15 cm in 
diameter. 


9 0-2 cm Some hard mudstone pebbles are found on the surface; 
Shale platelets at 2 cm are 0Q.5-2 mm in diameter; surface 
polygons or plates are 3-7 mm in thickness and 6-10 


x 8-12 cm in diameter; Atriplex corrugata occurs on 
the upslope edge of the plot. 


10 0-2 cm Surface plates have a hard dry consistency; 
mudstone which is quite hard occurs on the 
surface; small amount of shale is found at 2 cm 
and the platelets there are 0.5 mm in diameter; 
this horizon has the most extensive weathering 
incurred to date; Eriogonum inflatum occurs on 
the plot. 


iis 0-2 cm Eriogonum inflatum present; 0.5-0.8 cm thicx in 
the surface polygons or plates with diameters 
ranging from 6-10 to 8-12 cm; shale platelets 
0.5-1.5 mm in diameter at 2 cm; the degree of 
weathering of the shale is as extensive as in 
site No. LO. 


12 0-2 cm White salt precipitates in the shale at 1 cm; 
Eriogonum inflatum present on the plot; 1-3 m 
diameter shale platelets occur at 2 cm in depth; 
surface polygons or plates are 0.5-1.2 cm in 
thickness and 5-8 x 6-10 cm in diamecer. 
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Table B.7. (continued) 


Notes 


Barren area; fossils which are indurated and the 
mudstone pebbles are found on the surface; 0.5-1.5 mm 
Shale platelets occur at 2 cm; polygons or plates on 
the surface are 4-8 mm in thickness and 6-10 x 8-12 cm 
in diameter; a small drainage occurs 50 cm to the 
south which apparently has active surface erosion. 


Eriogonum inflatum is present on the plot; Atriplex 

nuttallii occurs slightly downslope: 0.5-2 mm shale 

platelets occur at 2 cm in depth; surface plates or 

polygons are 3-6 mm in thickness and 8-10 x 10-15 cm 
in diameter. 


The sample is taken within the confines of an 
Atriplex nuttallii site is located 50 feet 
alley No. 2. 


Sample within the confines of an Atriplex nuttallii 
plant; located 6 meters upslope in the third alley. 


Sample taken within the confines of Atriplex 
corrugata; located 1 meter southwest of site No. 8. 


‘Sample taken from within the confines of Atriplex 


corrugata; located 2 meters southeast of station No. 7. 


Bulk Density Sample Data 
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Table B.8. (continued) 
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APPENDIX C 


CHARACTERISTIC STATISTICS FOR FIELD DATA 


Table C.1. Statistics by Run Type for Composite 
Electric Conductivity. 
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Table C.2. 


Statistics by Run Type for Time Weighted Average 


Electric Conductivity. 
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Statistics by Run Type. 
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Statistics by Run Type for Normalized 


Peak Runoff (ml/sec/cm/hr). 
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Statistics by Run Type. 
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CML.) 


VOLUME 


RUNOFF 


TOTAL, 


OF VAR 


COEF 


SKEW 


OF 


CORF 


WEY 


SY) 


ME AH 


43PE 


RUN 


TA ING eit CIS MIO OO TOUTS COM PID UIO 
MOCO MS Rr OKO KO nae Ae OK eK Mom 
#5 re VR, Ce ee ee ee ee ee ee oe ne or oe tory 


» > v + ~*~ + wv + + Se cS * * > ~ > -_ > ~~ + v + 
BOO SOS ee IP SOS CON DM SO NO Teco 
ah rt SNE el So SOND OSS OO SN NPS SD CL NI Se 
STE IND ST De eet Ol et UND OT ND NOR OO eet 


vod tl me ed ge el tee eet eel ge med emda mt DS eet ee et 


» + © + es we h we & © i a ee i ae 
QMS NN Met et Soot oe Beg Coss 
IS OOS tS Mn me OORT OT 
wt SOE et CS PS US SS SP ot ONS 
TEI PE I MI OT OU PT OM OM OM 


Te ee et ed eed pd re em ee et es eee 


SSA2SA8SmSOABSrS A SBaSsezastzazos 
Ngan Aad et OY aa ea TY We FCI GE Pe PR aR ya tt pannel alt tall nn 
ADTEEZEMG ESS MME ES SIM ee ss 


301.4986 


12143.2489 


DRY RUNS 


681,9916 


14400 ,8944 


RUNS 


WEY 


RAINFALL RATE (CM/HR) 
RUN TYFE 
Rit 


Si bl 
Mi yi 
M1iW 
Naja 
Hail 
RET 
Bld 
Men 
Mb 
ry a n 
NOt 
RA3h 
BAW 
Ray 
MSW 


IRY RUNS 


WET RUNS 


Table C.6. 


> TN Oe Is 
- * 


3 
4.41 
aug Me a 
Osim 
424d 
Ga 7a 
& <i e 
&.h7 
& * ats 
Goaia 
6,61 
‘b + ee 
6463 
+ Ad 
&4/G 
4 = uathdd 
5.47 
‘4 > AP 
6665 
‘4 ialies 
&se 74 
& ¢ S& 

44 fy 


&. 35090 


Stk Y 


Bae ie 
Ne 
-“ 
— 


DS ONO LEU CEs Oo 
w MOUS GOs Gin SOD Sb 


ae 
° 
wo 


Finite > 
Or 


Sc, ee ee ee 2 


one 
DE Wigs 
ae ee 


me tom 


~— 
De 
© 


ol dZ7& 


Statistics By Run Type. 
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Table C.7. Statistics By Run Type. 
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Table C.8. Statistics By Run Type. 
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Table C.9. Statistics By Run Type. 
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Table C.10. Statistics By Run Type. 
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Table C.11. Statistics by Plot Type for Composite 
Electric Conductivity. 


ELECTRIC CONMUCTIVITY CHICKO MHOS/CH ) 
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Table C.12. Statistics by Plot Type for Time Weighted Average 
Electric Conductivity. 
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Table C.13. Statistics by Plot Type. 
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Table C.14. Statistics by Plot Type for Normalized 
Peak Runoff (ml/sec/cm/hr). 
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Table C.17. Statistics by Plot Type. 
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Table C.18. Statistics by Plot Type. 
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Table C.19. Statistics by Plot Type. 
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Table C.20. Statistics by Plot Type. 
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Table C.21. Composite Electric Conductivity Statistics by Replication 
for All Runs. 
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Table C.22. Time Weighted Average Electric Conductivity Statistics 
by Replication for All Runs. 


ELECTRIC CONDUCTIVITY (MICRO. MHOS/CH D 
RUN TYRE MEAN ode IE COEF Oreokiw COEF OF VAK 
REE st JV. 


“J 
+ 

pa 
t> 


, e 
REPS 35S. ZAG « ay. nh 
REE es S404 reOe 1.2 2435 
KEP. 4 40G + FILO, 1.4 78 
REP OS abt) 4 Lote Aid rts fee! 
REF & DOS « Loe iat! 244 
REE JOR, SBS ¢ a? #48 
REP S04 « Ee He 1.4 074 
Reha % ets wae ae: +48 
REPL 340, a oe Aceges «48 
REELS 248+ vias hres °Ol 
Re Le Ash Dads in 265 
REPS 43i. me eerie rar eye 
REF I 4 284. bees Ln? aff 
REP AS: fe a alae aed eee 


ALL. 


Se 
ry 
a 
iss) 


370.1144 FAeS7AS N= i 








Table C.23. Statistics by Replication for All Runs. 


RUN TYPE MEAN Siu Ley errr Umit COEF OF VYGAR 


REF 4 8.4 3 ~ +4 us 
REP 2 QB EO -2. 42 106 
REE 3 8.4 5? “245 O85 
REP 4 ait eo 246 604 
REF 4 8.4 38 633 208 
REP 4 8.2 25 a .04 
REE ? Q.4 229 pris -O3 
REF $ 4% e) aad ~~ 48 204 
REF 9 8.3 633 -.59 .04 
REF 1O B52 33 ~; $2 -04 
REP GT 8.4 740 08 108 
REP LS 8.3 +31 ~;41 104 
REET 8.4 ced 679 .03 
RERL4 8.4 128 ~ 90 ,O3 
REP US Bed ee ie? »03 


Table C.24. Normalized Peak Runoff (ml/sec/cm/hr) Statistics by 
Replication for All Runs. 


PEAK RUNOFF 


RUN TYPE MEN STO NEV COEF OF SKEW COEF OF VAR 


BE Res eras Pee ee «10 
REF 2 1.4 i eee —-,04 29 
BEF 3 1.4 ess oe OG +10 
REF 4 144 210 —— US 29 

Ree OS 1.4 Pe 200 20? 
meh of 1.4 oo . car, 209 
RE Os t.4 »18 +oF LS 
REP § La% Ph dee 2&0 pei 
fo. 1a os Oe 044 210 
REF AG Leis ed re ad 2 OF 
REPS Lite kt «14 730 etal 
REP AS 1.4 Pre Ln hal 
REF A4 les > 14 ia roi Bs 
FERS 1.4 era 26 oe Sa 


ALL REFS 1.4872 (Oso 1 N= 15 


RUNGE F 


VOLUME 


Table C.25. 


RUN TYFE 


REF 
REF 


RAINFALL RATE 


wt oe Ot PO One CONS NE De 


feasts gente Sowh send tom's 


Table C.26. 


{CM/HR) 


BRUM TYPE 


Rear 
REP 


ny 
le re. a 
— 


AISI SSD ASD ASD ARS] 2 
TAT MM AM MMT Tm 
i, tat Be at a tad dT 


3 
a ee oe 3 


i 
*y 
q 


CT o> Bg SS OO GS LE to oe & 


ALL AREF S 


CMI. 


a3 
‘mh 


“oe d> Ox 
. 


3 att 


Ea ean od 


St! tens OO ot 
age 


AINA gt eNO Sb CO 
r 


fh ee ee eh et et te et pe 
ene bios S 


tia Gl ipa ss 
NSO ee Oh be Soe Lh o 


tb 


13382.0467 


MEAN 


Cr ee, i i ee, ee ee Pe AL 


STO NEY 


L9ShS. 
L490. 
PITS ¢ 
LA 


Ss 


“Ah % 
th 


Mg eT ae POTS 
tre 
SONOS The ins oh 


a NS ee ee 
> C80 NOS NS 
OWS Se Net ee 
2 


Ro eg are 
GON 
PS FR Ss SS SMe OE KS 


os 


667.4843 


ST WEY 


> 44 
e AY 
Al 
me Sa 
Sees 
+ mS! = 
we 
cone 
2 49 
«434 
ea tk 
46 
743 
»45 
¢ A (} 
rn 


COEF 


CURE 


Ol 


cr 


! 


jet ; 


” ye + > a 


Statistics by Replication for All Runs. 


SRE W 


Statistics by Replication for All Runs. 


SKEW 


“4 


a 


F : ce 
tes et A we 


IG SRS MONS ta SECT SE WNC 


Kei, Say 
ca ae a 
ee 


v + 


Oe @ 


tS Orme 25 
ONLI SOP LEO BILE 


vt w 


il 
—_ 
- 
~ 


QF VA 


et LD ee eh ete pe PR ES et 
=| Ob CIO OOH CARON Or Rb | 


a SE SP OS a ER Re A ee 


OF VAR 


Table C.27. Statistics by Replication for All Runs. 
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Table C.35. Statistics by Replication for Dry Runs. 


TOTAL RUNOFF VOLUME CMI) 
RUN TYRE 


= 
rm 
a 
ree 


abi Dev GUEF HP ARE® COEF OF VAR 








REF 4 14441, Oe Aa eae re ee 
REF py 12943. Vesa = ,F re KA 
ore s LiSosas eee Sie he 

REF 4 12487. (Eide 73 O09 
EEF 3 LEAPOR LY sans oe Uy 
FRE F & 129e°, LAG. -, 5 ss 
s z i ‘e ae oe 3 é =“ t e J 

REE 8 liso, iON, me "14 
Fi E F ep i ae 4 < ek e 4 © ™ + 0 + 19 
REPIG PRL FOs Boas ma eA ae eas 
mer bs LOS € CAF AS ve =, L,¥ 
REP i 2 Leo ras 19a et 20 nih ea 
REP LS LRG aAdG e703 ~.4 214 
FER CL 4 Laake a eae ues a Pectols a 
REPiS igo, P1LO54 cl hes Brg 


RY REFS 12163-2389 IS0 97 aa N= 1S 





Table C.36. Statistics by Replication for Dry Runs. 
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Table C.40. Statistics by Replication for Dry Runs. 
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Table C.41. Composite Electric Conductivity Statistics 
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Table C.42. Time Weighted Average Electric Conductivity Statistics 
by Replication for Wet Runs. 
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Table C.47. Statistics by Replication for Wet Runs. 


DURATION OF RUHOFF CHCNUPTES 2 
RUN TYPE MEAN Sfn NEY ROUEF OF SKEW COEF OF VGR 


hit {Oe a8 2 64 1,419 »O21 
ne SUS 1.08 bask 4055 
RE rf 31 450 Pes. = > 165 +O a 
REP 4 20.00 2 Ol L.<Q44 POE Ore) 
REF 40. 97 Pa ae +320 +030 
% x * aren 1.06 ©0906 2034 
REP : 40,08 e229 4,149? ibe 
REE LG Sa L.OU +466 203, 
ed hall § SOAS 778 1.487 O26 
REP LG 40229 paw Gaya PLLe vy 
REP ad 40 4 FF AOS 4461 O34 
REP. @ 20.46 oe 2 Ho% et 
REF AS Sls LS tee F008 2009 
REF LA Avene 1.09 > 854 »O32 
Poe tacts 30.70 203 FOR ev 


WET REPS 30.6895 24829 Ne iS 


Table C.48. Statistics by Replication for Wet Runs. 


START OF RUNOFF CMINUYTES) 


RUN, VYFE MEGAN STQ MeV COEF OF SKEW COEF OF VAR 
REF os 1,00 a a: 2358 ween 
is ae »24 ewe Le sar rear 
ee 1.34 708 1.454 «648 
REF 4 es 22d 2947 (340 
REF & 276 4 ¢ 7G +416 
ee oe aa aioe Aa a 
REPOS Lous 244 ee er Pe ke a 
Hohade { a o SS Bice «S01 
% oe ¢ cA ea eb 1407 
Abe lelé ae, say teetr JL 
% rk Po a eat Pectet ‘ Pea cere 
REPLS so pre »>2h4 eo?4 
REPG4 »FA4 ee O44 + 544 


WET REPS SUI A 6 Pere he ary N= in 


Table C.49. 


EMD OOF RUNOEPr UN THIf ea 


RUN TYPE 


REP 


STR PT PT IT 
CA Ge Oo O08 ST Oe es 


pond wk es ent om oe 


WET REPS 


INFXUILT RATION RATE 


RUN EYPE 


ai 


aokooe OG 
ee he ee oe 2 


‘ 


TEER SEs bare a ate 


Lis 0S RT NS RP i 


WET Sh Gres 


ax 
m7 
> 
Fs 


SS dice 


350,88 
31647 
ree Ce 
30.50 
APY a Dar 
31.460 
SoG 
AS Loses b 
othay F 
49.98 
a teed € 
30.90 
al sh) i 
31.9% 
Aidt re & 


oo, 
— 


31. 2A7S 


TablesG.50is 


CIN/HR) 


e © eS &© © & 
DO LA NE 


WO~O SO Le O50 


Statistics by Replication for Wet Runs. 


mo Ny AS 1 a 


— 
Oo 
th 


CHO DA Set Po oS Poe tik 


ae ME Os Os Mg eae ee 


* © ~~ c° a bcc, JL, a} - + 
~ 
aa 


3G 


©4821 


HS 


ss 


Statistics by Replication for 


STO yikY 


“ry 
eo. ke 


Sn Re pet ee pet et Dt ee Se 
IN OOD WE OES 


aseal f 
oh 


Fes 
tte 
5 


°° 1062 


Fe 


OF 


SKE UU GOERS Or 
Loe 


Bat: 
Let ag 


jem 
~ J > ¥ 
Boga ft bay 


“JOH PIU Oo oti 


ii ph tnd pe 


COM noi NOR 


v * Cw 


a 
if 

pes 

fi 


Wet Runs. 


on 
¢ 


boom! 
Ck! vw * Ne eM ea a a 
ry 
7 


tO OM ehh oS OF 


woe 


—T De 
do DR NID SMMC OI 


ho MEM LD Un EAP ee 


vv © 


> 
me 
4 
= 
~ 


COEF OF 


hm 
$sia5 


Hy 








Table C.51. Composite Electric Conductivity Statistics 
by Trampling Level. 
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CHARACTERISTIC STATISTICS FOR CHEMICAL DATA 
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Table G.6. Statistics by Run Type. 


CHILORIDEs Ch- CMG/I) 


RUN TYPE MEAN wie BEY CUEFP OF SKEW COEF OF- VAR . 
Rit +88 O62 1.475 >tOS 
BiwW Lita Leee 1,745 1,408 
Mitt 3015 grass | lez +437 
Mi 2+ 44 Ls bd, 1.449 0457 
Nit 3474 3449 wea Pe 210g 
Nil’ be Vs rea 6885 ne SS 
B22) Leke 1.26 Paes lel ba 1.054 
K2U je yb 24914 1 2itS3 
M2) Seve NS eg Ie tee 206 
M?uU 2+i8 be ae 1.3864 760? 
N20 eg ee i 1-085 a ee 
RSD 2246 $s On 1.482 1.481 
BSW 2 +26 Seas 1.661 1.436 
4.40 4,50 2452 1.478 oan 
MAW sok 1.44 so LO 7549 
NST 3.464 l4,32 $+498 12657 
Ns 3-400 a oo »370 442 
R4)i 1.44 1.41 2+458 ee FY 
R4W 1.49 Lee 1.947 Let Ga 
M4)) Oo eek oe Ne, 1.485 Wee 
M4 eeol ee ee 1.774 PGS 
N4)) 4,ol 54a +804 oF ao 
N4U 228 AssvG 2+1Aad +74 

DRY RUNS $.9145 222324 N= 12 


WET RUNS eees22 4914 N= 12 





Statistics by Run Type. 
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Statistics by Run Type. 
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Statistics by Run Type. 
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Table G.10. Statistics by Run Type. 


CALCIUM, CA (MGI) 


NE OES OG BIN 


RUN TYFE MEAN STMOEY COEF GF SKEW COEF OF VAR 
Bil $9.52 18.80 » 130 AIS 
Bil 35.06 i8.%9 0329 6525 
Mi $8.51 19.35 1.223 502 
41 $3.40 19.89 1.094 596 
Ni eee 19.04 2.051 ye 
Nil 28.18 17.60 Ta 6625 
R20 47.06 25644 474 540 
R2U 42.78 28.74 +863 1572 
May 49.16 aes .O87 442 
M2 $8.50 Seg 1.295 6704 
N20 39.83 fan rae 1.393 6634 
N2U $2.06 Lés17 . 287 304 
RS) 61.32 54.79 W296 eran 
BSW 58.47 44.04 1.128 wee 
Mis 44.95 34.84 1.890 OD ae 
4S 35.95 24,32 Peri s 667 
N30 a | 24.04 1096 +53 
N3U 34.07 34421 1826 157 
R4LI 45.68 S256 1.651 oes 
RaW 44.06 20,24 “499 WAS 
M4) 71.25 $0.77 349 643 
M4 hI ES! | 09 One eae ts ie ee 2, ee 

i Naleee re OO ALS TF Co Re Oe 1.455 -58 
N4W 49.04 36616 2.029 73 
DRY RUNS 48,0735 LL, L290 N= 12 


WET RUNS 40.9812 968720 Nex 4? 


Statistics by Run Type. 
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Table G.12. Laboratory Electric Conductivity Statistics 
by Plot Type. 











RELECTRIC CONDUCTIVITY CMICROQ MHOS/CM) 

RUN TYFE MEAN Syn WEY COEF QF SKEW COEF OF VAR 
K1 REY Se Liane, Aes rea | 
Mi 348.8 pee ty,’ 4, eh 020 
Ni 319 oF 161.90 | ores | icy | 
kK? 437.8 268.0 »8 63 
M2 441.9 20-48 +& 23S 
N? 342.4 i Bedy ets! Lod er 
KS G2146 JYGaS Ara) +54 
N3 aun eG 214.0 4 él 
NS AS. 4 301.44 Luk +66 
R4 ABN? ened +4 exto 
44 PA es /skea +4 ha 9 
N4 weet 416,.0 132 260 

ALL. RUNS 446.4036 12265144 N= 1? 

Table G.13. Laboratory pH Statistics by Plot Type. 

PH 

RUN TYPE MEAN S PSE’ COEF (CF SKEW COEF OF VAR 
K1 G.0 eu ~, J O06 
Mi Vie. +4 eal 95 
Ni 8.2 At mg 83 +06 
RY 74 4 aes »05 
42 Pere +4 1.4 #06 
N? 746 es Aes +097 
KA #40 ro 4 +06 
Ms 8.0 He el .08 
| Ni 737 oa 20 gi a he'd 
4 8.0 ta eu +Q7 
M4 are ee bE IK} 008 
N4 8.1 5 “3 606 

| ALL. RUNS Fir ere +2406 N= 12 
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Table G.14. 


MEAN 
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18,2587 
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16.7287 
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17.2803 
18.4580 
18.6267 
16,8050 
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18,4190 
17.3984 
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Statistics by Plot Type. 
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Table G.16. Statistics by Plot Type. 


FLOURIDE 2 F- (NGL) 





RUN TYPE MEAN STM NEY COEF QF SKEW COEF OF VAR 
Rd +135 *OS 7/9 + $48 
Mi +14 2 O%5 6493 +346 
Ni. i$ en Ee Se S20 714 
2 214 +94 +670 Fe pt ba | 
M2 +18 ener Slane +708 
N2 Pavoa ©) Par dwei a Pace tia) 
Ri was 2 50 1 Oa Ss) 1. 02s 
M3 as) 204 Pease Rote 
NS seuss OS +423 e22 
R4 «1h 2 O4 +470 ete tdad 
M4 +2O 0046 ~,O64 293 
N4 fagh cea es 4.187 »462 

ALI. RUNS +1774 20429 N= 42 








Table G.17. Statistics by Plot Type. 
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At 3480 ane 1.349 one 
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Table G.18. 
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Table G.20. Statistics by Plot Type. 


POTASSTUMs KR CMGI) 




















RUN TYFF ME.AN ST EV COEF GEtSKREW COEF OF VAR 
Ki ean hes bec ere 2908 
Mi Sion L246 mabras BS) aA ee 
Ni MeOD Ls tG +249 eg 
R2 aos Tees 2198 2405 
erie Rely og LAS SUES: eae 2445 
N2 4.76 Pdr los Me ary: »uk4 
ONES 3o14 1.88 ge Da Pes he 2 
MA 4.953 Leo owe A043 
NS ea ew 1.46 «642 +31 
R4 ewig ate Eas 1.1644 ats 2 
M4 ee Cartes oO ‘The 
N4 tind 1-63 0245 +3638 
ALL. RUNS $+84903 rie Ae hd A N= 12 
Table G.21. Statistics by Plot Type. 
CALCTUNs Ch CNG/IL) 
RUN LYRE MEAN ST WEY COEF OF SKEU COEF OF VAR 
Ril Bh eon 18.4? fas °493 
Hi AV oheziG 19.46 1.994 O41 
| Ni 30.70 (BS Recah 1-604 eee 
| Be 44.92 26474 +618 wad wea 
| M. 43.83 24.75 ~685 tee! 
: N? Nady di wedi e ek 1.305 220 
| R4 373-0 $8.48 +814 2542 
Mo 40,45 29.86 A PO Py ae GS 
N3 40.39 296.15 ote he a 
| BRA 44.87 26465 1.343 oiP4 
| 44 54.73 29445 + 548 tlds 
N4 34.91 Ki Brey es 1.4643  Cisdad 


ea 
if 

_ 
3 


ALL. RUNS 44.5099 10.3345 


Table G.22.* Statistics by Plot Type. 


MAGNESXTUMs NG CMG/I.) 


RUR TYPE. MEAN. STM NEY COEF OF SKEW COEF OF VAR 
R1 Vierae +44 +218 $73 
ath PG 077 04648 +364 
Ni @+is 278 ees +346 
Be 1.97 fx 320 +362 
Me 2s 09 re i + $00 6 $45 
N? 2+26 Fa °408 +407 
RS 2-480 L.21 An +433 
M3 Atos 92 2143S 6 AGG 
N33 eee 1.12 +521 +444 
B4 2ead Arathd 0547 +436 
44 be215 1.64 esta.o ‘eu 
NA 20/77 0FO oe 2324 

ALL RUNS 2255735 24100 N= 12 


Table G.23. Laboratory Electric Conductivity Statistics 
by Replication for All Runs. 











I ELECTRIC CONMUCTIVITY CN TCRO MHOS/SCM) 
| RUN TYPE MEAN STN WEY COEF OF SKEW COEF OF YER 
REP £ $47.3 Cesbee re +48 
REP 2 456.9? 317.90 Lis 7 «69 
REE 3s s4a.7 a AS Ores Lia oY f 
REF 4 4h. 2 Be Des i.4 en fed 
REF. 6 313.90 1 a eis 2 A 749 
REE S / S&$133 YT ual, ab) 56 
REF. 8 93a? 346-6 bey +890 
REE Y O2Gs 7 3904.5 ory +49 
REY LO 9S ks lee i Be pe +48 
he hd we eg peed 29946 j Biter) At A 
Merle 72346 PT ee Shi 5 °S ere 
REF iS 307.44 Sst A" bo 
REP L4 34923 Cale Z. Ao 764 
REE iv 360.6 27429 ards ARR: 
atl. REPS 494.9056 S8.9179 N= 15 
Table G.24. Laboratory pH Statistics by Replication 
OAS eRUN St. 
FH 
RUN TYPE MEAN Stn NEY COEF OF SKEW COEF OF VAR 
REF 4 7 e2 4 4 +05 
REP 2 rex re 1 704 
REP 3 ra 74 aay 296 
(ER 4 8.9 ef, tet ALY Ie 4 
REP & Lao et } or +09 
REF «4 728 ae aed 607 
REF 7 ie. +d ol +98 
REF $ Feats +8 oo 210 
REF + Leh os) at «08 
REF LO fat Aw ) +985 
REF GL 8.0 Ae -.1l Os 
REF 12 8.96 Are" +O +96 
REP A ey 6 oe 208 
REF I4 8.0 +o ra) O07 
REF IS 6.2 oo —.64 sus 
ALI. REPS eee gear ees 209235 N= 15 





Table G.25. Statistics by Replication for All Runs. 


TOTAL ALKALINITY AS CACOS CKBZI) 


RUNT Ee MEAN SYN EY COEF OF SKEW COEF OF VAR 
Pipes LAs 7S ee eo £20274 + ih ie 
REP A NS Lyeeeatt 2eo? Lia » 3584 AGE 
REE 17 +2804 32-3421 are ORE > $094 
REF 4 18.8975- 4.3169 »8402 eats 
ge L?P.7154 s, L496 23032 ee LOs 
REF 17.0483 4.3520 1.0659 *2A0a 
RE Pee 14,8254 oe OSs +6622 +ceae 
RER aS 1655615 Pele ta 1 9PiS 21564 
Page ee: Lise OS 4, 3806 1.8479 rare 
REPEG tO rr i oP oe 5 A.S418 +4208 lL Pon 
REPT I Die eh 2>7h6 41 +5606 2+lS0O 
REP G2? 16.9296 244054 iO 2 +1450 
REF Ss 14.2067 Deel ae Lacaes L445 
REF L4 U7 sna ce -+4283 61535 
REG GG 18.8063 366792? 1.5818 01956 

ALL REFS LO POLS ay Ar i +1678 N= iS 

Table G.26. Statistics by Replication for All Runs. 
TOTAL NISSOLVED SGOLINS CG/L.) 

RUN TYFE. MEAN STO MEY COEF CF SKEW COEF OF VAR 
Reece bie fot ees. «79009 eP4S 
Ret. Fire er gourd Arend Tees 23945 
REP ar 45 $014 1.7894 »S0S32 
KER A 2 3408 2619 1.2944 +7681 
REFS Piste: ys 2h ere ; 1.1248— (eA ee 
SREP oe ee Via Lage 2200 24958 
REE es red > $9068 e/013 7 7504 
Reh oe A460 +3236 1-649 29354 
alg ie Ae Pabeoce »b55 $+1670 +7835 
REF AO Roa AG 22080 PeLaSe +3820 
REP wa »>29RO Pi Dy ga L.3946 +8473 
REMI 3087 022d 6410 Oe Bly 6 
REP is Ree 2 £4830 L,0174 +6043 
REF U4 Mota iy Be ee Li 673% +8642 
BEI Seton eae eh ced 1.9468 +8485 


Gi 
ch 
cn 
GY! 
> 
< 
-™ 
re 
3 
ch 


ALL REFS 


Table G.27. Statistics by Replication for All Runs. 


FLOURINEF- (CHG/L.) 











ene att MEAN St DEY COEF TUF (SKEW CORF OF VAR 
' Rep ot 219? °14 ¥.Q27 +6983 
her oe +36 2 ON ra he tat od 
REP Ss Pig 204 +188 2 240 
REF 4 ie 2 ae 6G: 26 + 2OF 
Rot 3 ~c4 aide | Z Poe ae »894 
REF 4 tao 218 3.856 o77E 
RE} 7 +18 +07 san? sO) 
REF § tko 20d ig? & ee Zs 
RE > 1S OS -~.066 2294 
REF LO eas 606 7/04 ses 
REP AL 714 Bey 1.9064 0370 
REP Ao 014 6046 Lead +389 
REP LS gh wes +14 4.4988 +820 
REF A4 02 ip Ne 2+746 +749 
REP LS ps AS 2 +06 sey F +544 
ALL REFS 01774 +0364 N= 15 
Table G.28. Statistics by Replication for All Runs. 
CHLURINE » CL-"C4G/L) 

RUN TYFE MEAN ST WEY COEF OF SKEW COEF OF VAR 
REF 1 he dd 2443 +933 +734 
REF 2 Stau 2+48 1.070 +748 
ar 1S 2443 Pee 2409 1-936 
REF 4 ata 2+48 1.194 0/02 
RES os Hel ae tQ +488 Ove 
REF 6 3,05 n+ 28 1.785 +747 
Ror 7 4,54 ho eS) ed nen 
REF & ee oe ae 1.168 FOP 
her 1.97 1.83 ee F229 
REF LO $+62 3+18 #83 ane fe 
REF AL 2.08 1.467 Laie? 802 
REA 2370 2+ 49 lsaut +842 
Sor. ero Nga S67 7435 
REF aa Sa 4.99 sa yak Leao2 
REP AG wert Reg 1.500 °7O1 


ALL REPS $9734 eSLe7 N= 15 





Table G.29. 


Statistics by Replication for All Runs. 


SULFATE» SO4= (MG/I_) 

RUN TYPE MEAN $7 EV SRE CORF OF VAR 
peer a 174.54 Lhasa +806 7543 
REBT a 155.44 Piso 169508 e741 
REP a3 Loske 75 tiv.76 1.181 +/19 
REF 4 154.98 119.74 P44 0763S 
REP So 124.54. 71.64 746 ova Lead 
REF 6 TP fetsé 61.45 +/83 +427 
RE Roe 289.59 PPO NT | yrs. +886 ~874 
REP o 2904.03 282444 1.832 1b39 
REPO? 263.10 179.48 12079 +434 
REF LO 249.0 ieee 5 .27F i vee 
Rr 145.40 53,01 1.591 0 P24 
REP AS 174.238 120.73 »a70 °693 
REF LS 297444 L$On 31 89S +528 
REF 14 128.26 pie eG she disie % 872 
Aer ks L$4.01 LO deskk LefSs «799 

ALL. REFS 180.5993 DGe73i7 N= 15 


Table G.30. Statistics by Replication for All Runs. 


SONXUMs NA CNG? 


RUN TYPE MEAN ST) VEY COEF OF SKEW COEF OF VAR 
REPEL Jere 3406 2903 ©8356 
REF 2 6.414 7+49 26049 ees 
REP a be25 4+78 127035 1.083 
REP 4 b.39 6.04 1.547 1948 
REP pa &-/1 wea 1.490 +848 
REP ¢, 6.51 gate 1.869 P40 
REP 7 3+ 36 4.61 Leii3 +841 
REG 3440 ae 1.263 6825 
Rihy o, whe tha 4.40 PP Ay a: 1.209 
REPIO eae 4.84 404 +769? 
REF II 4.79 $358 +818 +746 
REP IZ bar cll n A fe ts 9B tity 
REFLS 4.52? Pare ye 1.032 7634 
REP 14 4.40 Sia 1.240 .730 
Merete 6.10 4.8] 1.625 +788 


ALL KRFFS 


Table G.31. Statistics by Replication for All Runs. 


|POTASSIUMs K CNG/LD 














RUN TYPE MEAN STi NEY COEF OF SKEW COEF OF VAR 
REF i Wee 24995 1.135 6690 
REP 2 3.59 2,29 1.518 637 
REM 3 See 2,99 976 -413 
REF 4 4,50 1.66 »558 »&70 
REP S 4.450 one 1.840 .483 
REP 6 4.97 1.78 ato -449 
REF 7 3.93 2,00 -.160 SLO 
REP 8 6.25 t.37 244 »420 
REP 9 4,28 2.45 P55 »502 
REP 10 4,98 1.98 »A03 -A98 
REF AG 3.34 1.47 O94 504 
REL? 4.7% Oy 32 WAT 6622 
REP13 6,52 {.38 »904 591 
REF LS Ter 1.90 1.087 514 

ALL. REPS 4.8403 344 22 N= 15 

Table G.32. Statistics by Replication for All Runs. 
CALCIUM» CA (MG/L) 

RUN TYPE MEAN STM WEY COEF OF SKEW COEF OF VAR 
REP 1 $9.25 34.58 1.002 2 
REF 2 50.75 39.64 1.744 F860 
REG 63 19,02 24.64 L.o51 +642 
REP 4 37.32 20,07 944 aan 
REF “3 40.40 29.46 SOE! ‘Elo 
RES 6 3446 (4.81 »854 .388 
REP 34.97 31.29 -i3a7 569 
REF & 40.2% 1 Ou S67 622 
REE 9 S72. a? Paes eg 358 
REP IO 38.65 15.27 B51 6395 
REP IS 37407 24.10 one a 2ee 
REPL 35677 31,02 2494 557 
REF AA BF ai 26.68 »480 dee 
REPLS 34.03 $4474 2,256 +344 


ACIS REPS 44.5101 8.4141 N= 45 





Statistics by Replication for All Runs. 
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Table G.34. Laboratory Electric Conductivity Statistics 
by Replication for Dry Runs. 


ELECTRIC CONMUCTIVYITY CALERO MHOS/CEM) 








RUN TYPE MEAN Sjfh WEY COEF OF SKEW COEF OF VAR 
REF 2 det gel S652 is +&9 
REP 3 4271.7 34.5 Vet +79 
REF 4 470.0 3546-8 i,t +76 

ai $331.6 20845 +7 +47 
REF & 341.0 157.8 1.0 +46 
REF 7 5684. 2 460.9 e+ J +67 
REP $ 457.35 $4269 Heo +79 
REP 1° 6/241 Salam +8 +49 
REF LO 469.2 17 ose 1,4 03 
REPLI 430.6 339.90 1.4 rh ik: 
REI 2 4434.8 270435 +6 +62 
REF ITS IO + Dtitte d +7 +49? 
REPIA oF ok cores Maw +60 
RERLS $79.9 246.1 Lag 67 

DRY REFS 485,011) 9R8.6693 N= i5 





Table G.35. Laboratory pH Statistics by Replication 
for Dry Runs. 








PH 

RUN TYPE MEAN STM EV COEF OF SKEW COEF OF VAR 
cee fae +4 +6 +O5 
| REF Zz &.i as ese 62 «O03 
RoE A tae +4 oi 105 
: REF 4 8.0 +8 Lae +10 
| REF S Vim +7 +4 +O? 
REP 6 7G +6 wi +07 
BEEF Fae 26 74 +07 
REF § ise +6 eZ «il 
nee 7+6 wk +8 +07 
REF IO 8.0 +4 vg 206 
REF LL 8.1 eo anes +06 
| BEF EZ 6.0 oot =¢4 294 
REF LS 78 anes ~~» J 207 
REF A4 7+8 esi a= 206 
; REPS 3.3 +4 -23 OS 

| 


DRY REFS 72-9383 i574 N= 15 





Table G.36. Statistics by Replication for Dry Runs. 


TOTAL ALKALIRITY 68 CACOZ (MG/L) 


RUN TYPE MEAN ST OWEY COEF OF SKEW COEF OF VAR 
REP i 17.0317 2 AGEZ ~.0081 +1405 
REP 2 15,9975 257896 A975  Le2a 
REF 3 19.0200 Asi 727 1.8513 63245 
REP 4 19.9208. 4.6197 +7943 e239 
REP 5 20,9442 4,4889 12983 62129 
REF 4 20.4040 4iAA 8457 219% 
REF 7 1755983 $1983 13926 L3198 
REF 8 17-3783 26G61i9 = 62497 6i503 
REF 9 14.2093 4.0663 242690 62509 
REM LO 18,4525 £0590 »AD79 +1658 
REF Gd 18.5558 269458 10209 + i488 
REPL2 17,9708 2,4149 - +2064 1444 
REF is 14.8800 26 44555 240739 »1451 
REPL4 17.9083 2 AZO — 20263 (L355 
REP AS 19.8717 4.2799 1.5410 62454 

DRY REPS 18,2043 1.4423 N= 15 


Table G.37. Statistics by Replication for Dry Runs. 


TOTAL DISSOLVED SOLIDS (G/1) 
RUN TYFE. MEAN SUSE CORF OF SKEW COEF OF VAR 





REF i 14380 62498 63695 15703 
REF 3 .3465 er i.086] +5130 
REM 3 , 8267 » S744 1.4774 »8774 
REF 4 »3778 Sean 1.3198 «7820 
REP S 3859 »1764 »9050 See: 
REF 6 62624 lee 6477 14773 
REM 7 5947 4587 74414 7714 
REF 8 7A LASS4 1.9800 ve | 
REF 9 6819 aa 2.4474 1.1103 
REP LO 1346? .1716 +6706 64957 
REPT » 3598 ee 1.5280 .8400 
REPL LA20% . 2447 7540 +7330 
REPL 4522 » 2588 1.066 a7 2 
REP LA . 3004 »2A28 1.1374 »8082 
REP1S 3057 +2500 1.9681 Haze 
DRY REPS 63932 L136 N= 


Statistics by Replication for Dry Runs. 
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1.4971 


3693549 


DRY REPS 





SULFATE 


SONIUM, 


y SO4= CMOS) 
RUN TYPE 
REP I 
REP 2 
REP 4 
REE -4 
REP F 
REF 6 
hee 2 
REF § 
REF 9 
ROP LG 
REP UG 
REPL? 
REF LS 
REF 14 
REPLS 
DRY REFS 
NA (MOG/I.) 
RUN TYPE 
REF 1 
REF 2 
REE fe 
REF 4 
freh 
REP 6 
REP 7 
REP § 
REF 9 
REF 1LO 
REP At 
REF i 2 
REF ASA 
REPL4 
REPIS 
DRY REPS 
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Statistics by Replication for Dry Runs. 
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Statistics by Replication for Dry Runs 


GREW 


1.048 


COEF 


COEF 


OF 


OF 


a Set 


Bae 


VAR 


0985 
+610 


?- 
NOAA DR RU OO 
: : oS 
b 


et i 


OAM som AOO 
CAN CTO = bro LeU 


cr +e +7 © Fe + © + 


° 
Nw 
et 
ce 


Table G.42. Statistics by Replication for Dry Runs. 


| POTASSIUM: K (NG/L) 











Ron TYPE MEAN STyu NEY COEF CF SKEW COEF OF VAK 
Ber, 2 4,94 oe & Lea oe +3492 
Ser 2 4.48 mvs fe aR 2G11 
Ree a 4.48 24:39 +541 ae | 
REF 4 347 1.61 «143 See 
REE & ee he 2+47 1,439 «4464 
ret He 7 5 jars BC “2024 «$10 
BREE A 4.52 ze kB =.839 463 
Bek us 3.68 1.28 e208 +348 
Reis Fi 3463 eke 2606 + 574 
REFIO 4.64 2409 + ALA +452 
REP AW 4.07 wen +269 7494 
Bee ee 4.43 ovine ‘OA ‘Jae 
Rot ao 4,35 ie 23 ie Dh da ee 2283 
REP IL4 4,038 Say Es. +886 » 384 
REF LS ¥.45 oe 1 +578 74354 

DRY REFS 4.6211 mete ed N= 15 

Table G.43. Statistics by Replication for Dry Runs. 
CALCIUM: CA CMO/L) 

RUM PYRE ~ MEAN STi EY COEF OF SKEW COEF OF VAR 
Ben 1 } Lies 41.38 7658 Ap ed 
REF 2 toe 34 So we 1.840 Jaa 
col a Res F4,53 eee keke +820 6 S34 
KEP A 38.80 20445 94? 002 
hie 3 $5246 Loe na =.0e & ep 
REF 6 Si saan ewig 29768 °4ai 
Rete oF 33+ 4 AEST yk + 204 139 
REP & 43.45 PLS 2672 6584 
BEDS? sire ea eros) tek + 534 
REF AO 43.40 ney od ett + 540 
HEELS 38.44 2 avd Ve2TG 7742 
Beit 2 J,12 ore 0857 sre 
REri 64.464 By Fs 6B +401 
RELA 37447 mies. 1.4698 »/18 
her.) 42.77 SOLA4G Laces Py do 





DRY REPS 48.0427 VOS Boks N= 


toe 
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Table G.44. Statistics by Replication for Dry Runs. 


MAGNESIUM: MG CNGZL) 


RUN TYRE MEAN Sa ie tN COEF QF SKEW COEF OF VAR 
Rie ee 269% Loe ae 6810 452 
REP 2 $448 1.94 1.740 28 
REF & 2.89 1.446 +983 2904 
REF A 2+98 1300 —~,O0235 oe 
REF ne AMP Pals ~/o Leos 284 
REF 2¢ 2447 hare Bee 1.474 oe ASS 
eer a 2249 Ka gee +588 + $04 
REFS o 2.08 +49 —~A0S 254 
REPOS 2445 Ae +383 2 206 
REF AO PIGS yf +64 i244 oie wie 
age Ube Lara: +BS +444 +383 
REPI2 PRG SO +547 che ys 
REPS 3.08 ate EER 89 
REF I4 26 h)s5 +82 PRA +4902 
REPIS 2el? Ae j +142 +438 


DRY REPS 22S410 »4179 N= 15 


RUN TYPE 
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} ELECTRIC CONNUCTIVITY 


Laboratory Electric Conductivity Statistics 


by Replication for Wet Runs. 
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Table G.46. Laboratory pH Statistics by Replication 
for Wet Runs. 
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SQLINS (6/1) 
MEAN 


~ 
— 


KALEN DES OG ow 
Ci CIES ALA Oe 


Nd 


e 
~ 


GIs ObI 


inal hte he eben 
NP A he te Ste ae 


ae 


SRS RSS oe tA SPOS OES 


pein ae (Oe Ree Ree ee 


Rat 


° 
Gd 
_ 
a) 
oy 


Syy WEY 


oe A 
23450 
3.8683 
Jat ee 
Aaah dad 
S,1991 
aeG22a 
2+4Pie 
¥,85459 
4.0447 
Liste eae 
ee) os 
5 O27 1 
32,0044 
26/410 


12631 


STN REV 


6O756 


Statistics by Replication for Wet Runs. 
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Statistics by Replication for Wet Runs. 
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Table G.49. Statistics by Replication for Wet Runs. 


FLOURINE ss F- (MG/L) 





RUN TYRE MEAN STM NEY CORF QF SKED COEF OF VAR 
RE, 2 ~16 re eeiZ + $08 
REE 2 2d5 +O% =~ OLS ey 4 
REE <4 Se +94 ¢Gis 2204 
REF 4 22h neg 244d +P7A 
Ree os eed 229 LIS Sd 2 O09 
REF é re 206 ~833 + $490 
RED 2 eld , Ou Ae ee +ooe 
aes: 214 +O5 +PhL 2ore 
BEES Ss 14 +04 are sees 
REE IG 2lZ 6 OS 6 OBS 402 
Reiot . ee 204 1+ S322 A Ss, 
REF I? ~14 204 P47 7402 
aA Se Oh wo +29 $+082 Le bow 
REP IT4 ee +18 eh te oo Fix 
REPS eG +O6 ey ee: + $46 

WET REFS 21601 20363 N= 1S 





Table G.50. Statistics by Replication for Wet Runs. 


CHLORIREs Cle CMNG/I.) 





RUN TYPE MEAN ST WEY COEF CF SKEW COEF OF VAR 
REP -.2 $+ 2d e536 337 723 
REF 2 3.42 Aa Org 668) 
REP & 1.41 1.08 1.955 +764 
REF 4 2490 eed 1.808 °B32 
REP oo $+82 e2+74 079 «716 
REP 6 ar L.40 0906 + 5P9S 
REP % Sele 784 7/47 7706 
REF La 1.07 062 22ida 2378 
Re 2 1.43 1.Q2 +8469 °/135 
REF IO 2042 2+O1 6453 829 
REF AL 1.49 282 +181 oOP2 
REPL a hs 2293 Ae ae) +856 
REP LS 1.48 ii +003 Sige 
REF U4 1.45 1.4190 1.032 2/07 
REP LS 241 1.690 ©5735 ©4614 

WET REFS 2+ 2322 69152 N= 15 
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MEAN 


134.08 
L40.976 
168.00 
130.04 


167.9204 


4.2647 


ST) NEM 


ery reas 


Sf EY 


rae! 


ho NSO Oe > 


+ eof fe Fe +e Oo 
POS KEP UF 


1.0183 


Statistics by Replication for Wet Runs. 
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Statistics by Replication for Wet Runs. 
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Table G.53. Statistics by Replication for Wet Runs. 


IPOTASSIUMs K (CNG/IL) 











RUN: TEE MEAN StU nEV CORE SOUR SKE Wy COEF OF VAR 
REE I 3460 Seis T3425 2870 
ere 2+B4 eae 2616 +360 
REPT S so. OP 1.96 1.413 +433 
REP! 7 Sesto 1.07 +347 2 $04 
ne Ge $+67 Ls 1.000 » 408 
Ror 34902 Tess »400 20 
ner 334 ocey. 2005 es Us 
Rebos 2-34 Lis: +4393 +486 
RE RG Peer a Tey lie «hd? +381 
REF 1O 395s Be 72 oe at eit 
REP AD 2+62 °B2 1106 Burd a 
Rebs etl 5s PEASY) 2691 733 
REIS 2+68 ae) ee vous 
REP14 ens ~8l Lau ee Ba 
REPOS: iat st 1.06 —epAv © 36 

WET REPS $6094 2 $526 N= 15 

Table G.54. Statistics by Replication for Wet Runs. 
| CALCIUM: CA CMGZI.) 

RUN TYPE. MEAN STi meV COEF OF SKEW COEF OF VAR 
RERAS 44.97 26+47 ae rs ed 
REL ae $3.16 YE 41S 1a ZoS Pa aes 
REP 33.251 18.85 7 /B4 0363 
REF 4 34-84 20.48 1.006 rie ae | 
Reread $4473 204654 POG euGBé 
Mee AD ik" L695 Hew el Pry ts: 
REP 34-35 $3425 2104 Fa ee 
REPS A caplet ese Ol iy Wil ©4836 
RET Vee, Ever era Z Soe kaise 2364 
REP LO ne eA | Lia 2 Lee lic 3 +376 
Reise 40.78 2 oO oO 0/729 
Risink 2 ULI 4 Ps eg sa) + $84 +65? 
REPIS 46.745 Ay sy 7342 2634 
REFI4 3R.02 Zee 1.342 oar 
REPUS $01 + 40 4.5.48 ayaa: +960 


WET REPS 40.9622 723066 N= 15 





Table G.55. 


Statistics by Replication for Wet Runs. 


MAGNESIUM: MG CNG/I) 

RUN TYPE MEAN ST) NEV CORF OF SKEW 
REF 1 ee 4S - tee 2 0335 
Ribs 2 POM Tg 1,02 1.489 
Rib 3 2467 Aa A 6280 
REF 4 2ei4 at 486 
REF S 2250 ©87 +848 
REP 6 eel? {.10 ©4652 
REBH A 2403 084 ~ePAd 
REP 8 1.70 ° 67 Panett ¢) 
Reb 1.82 4h oui Z4 
REF IO 2-03 ef +076 
REFII 1.88 efit 1.02% 
REPL 2+08 ides +713 
REPLS 1.89 *65 -.140 
REF LA 1.47 ee ose 
REPAS ata 73 Leeee 

WET REFS 260425 ©3446 N= in 


COEF OF VAR 
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Table G.56. Laboratory Electric Conductivity Statistics 
by Trampling Level. 


| ELECTRIC CONNUCTIVITY CNICRO MHOS/EM) 


RUN TYPE MEAN S’M NEY COEF OF SKEW COEF OF VAR 
TRANFLING 333.3 148.7 : 5 
TRAMPLING? $20.7 D549 +39 "20 
TRAHELUNGS 474.5 R29 6 Wee wr) 
SOP TET ee eam b Gade} seine MN: 57: 9 = ch nr 59 

ALL. TRAMPLING 445.4056 93.4873 Ne 4 


Table G.57. Laboratory pH Statistics by Trampling Level. 





PH 
RUN TYPE. MEAN STM NEV COEF OF SKEW COEF OF VAR 
TRANPL ING 8.9 he Oe: © M6 
TRAMPLING? 7+ en °? 296 
TRANFL INGS 8,0 6 2 +07 
TRANPLING4S Sel x) 8 +QO7 
ALI. TRAMPLING Sate fe Ae ¢ 02292 N= 4 





Table G.58. Statistics by Trampling Level. 


TOTAL ALKALINITY AS CACOS CMGI) 





RUN TYFE MEAN ST WEY COEFF OF SKEW COEF OF VAR 
LANPL INGL 14,8904 $29458 »/OUS > L801 
TR OUPL ING? 16. 9602 an 2082 i eye echt 
CAMEL I NZS 18,42 4} oe ae as “ + Se 
TRAMFL INGA 17.8053 Bees eee ae tiated 22064 


ALI TRAMFILING 17.3936 +6798 N= 4 
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TOTAL 


WISSOLVEN 
RUN TYFE- 
TRANFPLINGH 
TRAMPLING? 
TRAMPLINGS 
TRAKFIINGA 


SQOl. Cs 


Table G.59. 


(Gx 
NE AN 
6231s 
e319 
> 4081 
° 4456 


ALL VRAMNELING eso 
Table G.60. 

FLOURIMEsF- (NG/L) 
RUN TYFE MEAN 
TRAMEL ING +16 
TRAMFPIING? eee 
TRAMFIINGS oa 
TRANEPL ING4 +193 
ALL TRAMPILING 21774 


Table G.61. 


CHUORTME ss Cla (AOE) 

RUN TYPE MEAN 
TRAMPLING 3-01 
TRANFLING2 ele 
TRAMFL NGS $285 
TRAMFILING4 26si4 

ALL. TRAMPLING $29679 


Statistics by Trampling Level. 


Sty EY 


elo’ 
02409 
e922 
+e a 


+9880 


COEF OF SKEW 
+9828 
Ls oGu 
$e5/7350 
1.0190 


Ne 4 


Statistics by Trampling Level. 


ST EV 


SKEW 


4,882 
$4673 
BeASe 
44599 


COP COF 


N= 4 


Statistics by Trampling Level. 


STM NEV 


COEF OF SKEW 


COEF 


COEF 


COEF 


QF VAR 


4326 
7624 
9409 
& 


+ 
+ 
+ 
6582 


OF VAR 


OF VAR 





Table G.62. 
|SULFATEs SO4= (MG/L) 


RUN TYPE _ MEAN 


TRANPLINGS { 
TRAMPLING? 1¢ 
TRAMFLINGS 187.86 
TRAMPLINGS 2 7 


ALL FRAMPLING 180,9854 


Table G.63. 


SONXUMs NA CHG/L) 





BUR SEYRE HE AN 
TRAMPLING 4297 
TRAMPLING? weed 
TRANFL INGS 6,81 

TRAMFL INGA 3+ O4 
ALL. TRAMPLING we J0Ke 





Table G.64. 


POTASSIUM: K CMGZL) 





RUN TYPE MEAN 
TRAMPLINGI 3.08 
TRAMFL TNG2 3+49 
TRAMFILINGS 3494 
TRAMFL ING4 4.74 

ALL. TRAMPLING 44.8403 


Statistics by Trampling Level. 


STM WEY COEF OF SKEW 


81.17 x By a 
Lgue12 1.765 
Ve fei os L.8e82 
220.54 26098 

3245918 Ns 4 


Statistics by Trampling Level. 


ST WEY COEF OF SKEW 


nee + PAS 
4.70 1.4685 
6.4% 1.554 
4.790 Pr Pee ae, 
>8761 N= 4 


Statistics by Trampling Level. 


S7u DEV COEF OF SKEW 
1.33 +176 
2+14 1.543 
i.8i e3lO 
2624 620 


COEF OF VAR 


+554 
B37 
2246 
»887 


COEF OF YAR 


7/92 
©2702 
+2446 
+933 


COEF OF V&éR 





Table G.65. Statistics by Trampling Level. 


CALCXUMs CA CNGZI.) 


RUN TYPE MEAN ST WEY COEF OF SKEW COEF OF VAR 
TRANPLINGS 34,46 Leegt | ae <j 
TRAMPILING2 41.57 24.40 A823 sEay 
TRANPLINGS 46.98 $2.46 i225 1589 
TRANPLINGA 4.83) $1.60 1 153 576 

ALI. TRAMPLING 44.5097 | 8.5295 N= 4 


Table G.66. Statistics by Trampling Level. 


MAGNESIUM» MG CMG/1) 


RUN TYFE MEAN Sry WEY COEF QF SKEW CORF OF VAR 
TRAMPLING ge ae igs Aral ore +382 
TRAMPLING? ult 79 ASB $76 
TRAMFIINGS Aeou 1-9 °467 en 


TRAHFILING4S 2+74 1.426 1.402 


ALL YRANPLING 2o$5735 Css Ld N= 4 
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RELATIVE DISCHARGE HYDROGRAPH PLOTS 
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APPENDIX J 


MULTIPLE REGRESSION CALCULATIONS 


ANAL YSIS (iF 


VAR TANCE 


DF 
“ 
bal) 
ba hg 


So 

OY gat 
AO42 503 
3740042 


MB=8h5 / iF 
230843 
34420 


Table J.1. Multiple Regression Equation 1 for Dry Runs 
on Bare Plots. 
Y°= EC2,' X1)= Disc“, §X2 ="DISC, “X32 ="SLOr 
Ue REGRESSION FQUATION IS 
ie ON <i Peete wie sk) GLa Ae 
ae 4389, X3 
ST. DEV. T-RATIO = 
COLUMN COEFFICIENT OF COEF. COEF /S. ff. 
Sina 102.6 120.9 0,83 
X1 Cer -0.224666 0.07468 -3.04 
X2 Cé 16.433 4.984 3,39 
X3 Crs 4389 2823 Les 
THE ST. DEY, CF Y ABOUT REGRESSION LINE IS 
Bye 20 a4 
WITH ¢ 60- 4) = S& WEGREES OF FREEDOM 
R-SQUAREN = 18.1 PERCENT 
R-SQUARED = 13,7 FERCENT:s ANJUSTED FOR NF, 
ANALYSIS OF VARTANCE 
NUR FC Cie So MS=SS/)IF 
REGRESSTON 3 7IBEPO 25835463 
RESIMUAL 36 Su1L9979 62857 
TOTAL 3? A295 464h9 
Table J.2. Multiple Regression Equation 2 for Wet Runs 
on Bare Plots 
Y =EC2,. X1 = SLOP, eX2u=/ DISC ue x omeEDIGe— 
ae REGRESSTIUN EQUATION IS 
20 e670 S156. “AL + pS UY ae 
ae rh Pee: x3 
Sheol T-RATIO = 
COLUMN COEFFICIENT OF et GCUERP S/S... 
genie: 2. dé ae 0,18 
xh Cues 61's Ne: ee 
x2 C4 Sten dosti 4.438 2284 
KS Goi ~0.17000 O,G4946 ee 
THE ST. DEV. GF Y AROUT REGRESSTON LINE IS 
WITH ¢ 60— 4) = té VEGREES OF FREEDOM 
KR-SQUARET = 18.5 PERCENT 
R-SUUARENE = 14.2 FERCENYs AQ.JUSTEQ FOR T.F. 





Table J.3. Multiple Regression Equation 3 for Dry Runs 


on Bare Plots. 


‘Y = INF, X1= RFR, xX2 = Disc2 


THE REGR ESSTON EQUATION ({$& 
. ae ee ACYL + 6.0001 X2 
ST. DEV, 
COLUMN Be eae OF COEF. 
=e ests be 
X1 Cin 0.25495 0.05789 
X2 C21 0.000094887 0-090001T529 
WHE Si. EV, Ur Y ABOUT REGRESSION LINE “Ts 
S$ = 0.1984 


Wi hres (ie 605) = 6o/ HEGREES OF FREEDOM 


R-SQUARED = 34,5 PERCENT 
R-SQUAREM = 52.9 PERCENYs ANJUSTED FOR DLF. 


ANALYSIS OF VARTANCE 


hue TO QF 3 Ee) MS=SS/0F 
REGRESSTON 2 2+68843 1+34421 
RES TOUAL ee 224353 0.903936 
TOTAL 3? 4ADS196 


T-~RATIO 


— 
= 


CORF/S.R. 
43 


mie 
4.3 
Spe 


Table J.4. Multiple Regression Equation 4 for Wet Runs 


on Bare Plots 


Y = INF, X1= DISC*, X2 = RFR 


THE REGRESSTON E.GQHUIAT ICN -£S 
Y iat BOON AL Pr ses axe 


og lene aa 
COLA Meso ma eth Dive Unk. 
ee a ree Read 0, S404 
Al Cal 0.0000%5703 Oe OO00TG19 
Ke a I Os te es O.ONNRS 
THE SY. DEY. GF Y AROUT REGRESSION LINE IS 
S$ = 041974 Oe eres S 2 
WISH i). 60543) = S7 NRGREES OF FREEDOR 


R-SQUAREN = $4.98 FERCENT ; 
R-SQUARET = 41.4 PERCENT: ANLIUSTEY FOR Vier. 


ANALYSIS GF VARIANCE 


DUP £0 LiF So MS=S5/0F 
REGRESS TON 2 boeisi36 0.546568 
RESTOUAL ms eee 2 Od4 O,O038895 
TOTAL be a oh 


~ T-KAptT 


8 
7 


COEF /S +The 


~3+&6 
2.45 


we kee 


Table J.5. Multiple Regression Equation 5 for Wet Runs 
on Plots with Mat Saltbush. 


Y =“EC2;, «Xtii= ‘SLOP; @ X20 =.prSCr #3 = _prec- 


THE REGRESSION EQUATION ITS 
vss 2 SOs. b AON Lee Ue: 62 /GRKe 
‘5 1h Rs 


See LEV: f-RATIO 
CULUMN CORR F IC TENT OF COEF. COEF /S 
see so PANG 6 39 $5402 eeo4 
X1 Cr AQ Jk iG4? 27.08 
X2 C2 Tees oe, Fy Be ae = goO 
X3 Cs 7.48438 0.,0%464 Ron ed 
THE oy Mev, OF ¥Y AGOUY REGRESSION LING CS 
S i= PLA ee 
WITH ¢ &Q-- 4) ts 36 JIEGREES OF FREEXOM 
R-SQUGREM sc 29.3 PERCE WT 
R-SQUAREN = 36.0 PERCENT: GNJUSTEN FOR NOE. 
ANAL YSIS OF VARIANCE 
DUE TQ LF sas MSs SS/IE 
REGRESSION a LGi5072? BSEBS91 
RESXTNUAL. 35 24AP RSE? 44514 
TOTAL hy 4iis554 
Table J.6. Multiple Regression Equation 6 for Dry Runs 
on Plots with Mat Saltbush. 
Y = EC2,© X1 = DISC2, = X2) =.SH0P— %%3 = pisc 
Uae REGRESSION ERUATION IS 
¥; 6S. + CLAM EOS Gey Ss 
- J igsssht 
ee i ae —T-RATTO = 
COLUMN COEFF LTOCIENT OF COEF, COGEE S/ So Die 
<6 iBA SA Vibes ee ass 
Xi C& GEyvs7agg O,05i&s3 ey a f 
xX? GF 4362 1833 ne Oe 
X3 Ce ares y i | Ma Se ii tes Be § ante 
THE St. NEV. OF Y AROUT REGRESSTON LINE ts 
See LS) OA 


pe) 
WITH € =6O- 4) = 86 DEGREES OF EREENOM 


R-SQUAREN = $6.0 PERCENT 
R-SQUAREM 32.7 PERCENTs ANJUSTED FOR Dek. 


ANALYSIS OF YARTANCE 


DUE TO QF SS NS=SS/NF 
REGRESSION m4 L2604iLY 420138 
RESINUAL 36 2226329 APTOS 
FOAL 3° 343846792 


Table J.7. Multiple Regression Equation 7 for Dry Runs 
on Plots with Mat Saltbush. 


Y = INF, X1 = RFR, X2 = VEGC; x3 = pisc2 


us wee ts as ATION TS 
: FES 


te ‘ 
ALS LAO RO AR? 


{ 
+ 
3. 


ot ee Lanwal Poos 

COL AWAN Ceili. uF -GGE PF. CORR /S,0, 

some 1+2408 9.2409 ~4.53 

Al Cs Oy ZAUEY O,G038738 fed? 
Ac Roa O,O1LSO4% 0,.9003761 3406 
KS 7 OSOCO ICR 0.006001240 P eid 


THE SY. WEY, OF Y ABOUT REGRESSION LINE TS 
os = O.15350 

WITH € 660~ 4) = SA TFGREES OF FREEDOM 
R-SQUAREM = 72.8 PERCENT 

R-SQUARET = 71.4 FPRERCENT,» ATJUSTEN FOR T.k, 
ANALYSTS OF VARTANDE 


RUE Pi DF 25 MS=SS/ TIF 
REGRESS TIN 3 5450499 1.20166 
RES UTUAL Ne 1.34491 O60? 402 
TOTAL irs 4.94990 


Table J.8. Multiple Regression Equation 8 for Wet Runs 
on Plots with Mat Saltbush. 


Y = "INE «Xie VEGGIE X24] RERA K3h=!DIScZ 


ST. LEY, T-KATIO = 
COLUMN CORFFICTENT UF ROEF, Un re ods 


, -% me ing Cd %s jd 37 “4 AB 
Ad (4 O.O1 1267 0.003854 3344 
Ac C4 0423540 O, G4 & 44 22 O83 
XS fa O.OG0G2 SAY O,GOO0G0T 04S 2376 


THE S81. MEV. OF Y ABNUT REGRESSION LINE 1g 
S = 0,1334 

WITH € 60- 4) = Sé TIEGREES GF FREENOM 
R~SQUAREN = 40.1 PERCENT 

R-SUUAREW = 446.9 PERCENT» AUJUSTED FOR T.F. 
ANALYSIS OF VARTANCE 


QuE TO fF pe fe MS=SS/ TIF 
REGRESS LON 3 0.454804 I, 22266 
Bes ST TUAL wie 0699672 62675988 
TOTA AL eh +545476 


Y = EC2,. X1 = DISC, X2 = SLOP 
Us REGRESSION EQUATION TS 
: 173s Ff 20581 Xt + 35464. x2 
\ 
Sells f-RATIA = 
COLUMN COEFFICIENT OF COEF, COEF/S.—T. 
cies 783444 54,490 eee 
X1 Cd 0,05812 0.901825 oe Uy 
X2 Cis 3641 1436 2454 
THE BT's MEV. OF Y ABOUT REGRESSION LINE IS 
S$ = 2, 2 
WITH ¢ 60>) sa o/ NEGREES OF FREEDOM 
R-SQUARENM = 21.4 PERCENT 
R-SQUARED = 18.7 FERCENT, ADJUSTED FOR yI.F, 
ANALYSIS OF VARIANCE 
RUE SE iF 55 MS=SS/ITF 
REGRESS TON 2 529574 314687 
RESITUAL Lay, PaOe 757. 404790 
TOVAL oe, 2956171 
Table J.10. Multiple Regression Equation 10 for Wet Runs 
on Plots with Nuttal Bush. 
Y= ECW Xie spor “x25s piso 
2 THE REGRESSTON EQUATION IS 
You 7s Pu4set.. Xl PRecoses) x2 
Sie EW, T-RATIO 
COLUMN COEFFICIENT OF COEF, COEF/S. 
pee Pee oy ve Les 1.4 
X11 Cis 454 1140 4.90 
KR (2 0.05020 0.01449 3+4 
THE eae EV, OF Y ABOUT REGRESSION LINE IS 
ed Shoe 
WITH O0- 5) 45 3/7 NEGREES OF FREEDOM 
R-SQUARER = $1.5 PERCENT 
R-SQUAREL = 29,14 PERCENT, AQJUSTE FOR EE, 
ANALYSTS OF VARTANCE 
euue TO oF S$ MS=SS/DF 
REGRESS LON 2 669824 54912 
RESTOUAL a! 1454110 soesti 
TOTAL ined 2123934 


Table 


J.9. Multiple Regression Equation 9 for Dry Runs 


on Plots with Nuttal Bush. 


Table J.11. 


Multiple Regression Equation 11 for Dry Runs 
on Plots with Nuttal Bush. 


Y = INF, X1= VEGC, X2 = RFR, X3 = DISC2 
THE REGRESSION EQUATION IS 
Yue Leite OO 1 XT + 289 X2 
+ 0001 X3 
ST. UDEV. T-RATIO = 

COLUMN COEFFICIENT OF COEF, COEF/S.O, 

—— ~1.1231 0.3788 ~2.96 
Xi Cet 0.008127 0,9004482 Lede 
X2 Clad 0.28885 0.905442 3+10 
X3 C21 Y0,QO0010572 0.99001854 red 8, 
THE ST. LEV. OF Y ABOUT REGRESSION LINE IS 
S$ = 9.1920 
WITH ¢ 60~- 4) = “46 WIEGREES OF FREEDOM 


R-~SQUAREL 
R-SQUAREL 


ANALYSTS 
NUE TO 
REGRESS LON 


RES LUUAL. 
TOTAL 


OF 


Table J.12. 


“is 4 PERCENT 


32+O FERCENT, ANJUSTED FOR DF. 
VAR TANCE 
UF SS MS=SS/IIF 

3 2+46243 0.82081 
36 2+>96387 0.93685 
39 4.52629 


Multiple Regression Equation 12 for Wet Runs 
on Plots with Nuttal Bush. 


Y = INF, X1= RFR, xX2 = DISC2 
ME REGRESSTON EQUATION I§ 
Y = 1.42 ¢+¢- 4315 Xt + .0000 X2 
ST» NEV, T-RATIO = 
COLUMN COEFFICIENT CIF COEF. COEF/S.0. 
aS -~1,.41463 0.2494 -§.58 
X1 a 0.31583 9.03844 8.24 
x2 C21 0.,00002215 0.00001245 1./78 
THE ST. DEY. OF Y ABOUT REGRESSION LINE 1S 
S = 0.1474 ee 
WITH ¢ 60- 4) = “7 UWEGREES CIF FREENOM 


R-SQUAREN 
R-SQUARED 


ANALYSIS OF 


NUE 
REGRESSION 
RESTOUAL 
TOTAL 


3441 FERCENT 


J4.6 PERCENT: ANJUSTED FOR NF. 
VARIANCE 

F $s MS=SS/)IF 

2 1.37528 0.438764 
a7 1,07601 0.91888 
pa ArAdiw 
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APPENDIX K 


TABLES FOR ANALYSIS OF VARIANCE (ANOVA) 


Table K.1. 


ANOVA for Vegetative Cover, Point Method. 








Source of Sum of Degrees of Means Teste 
Variation Squares Freedom Square Statistic 
Tramp, veg 214.533 6 35.97 50 1.498 
Tramp 338.200 3 Vi2etes3 4.724 
Veg 8330.978 2 4165.489 174.561 
Error 4008.934 168 23.863 1.000 
Table K.2. ANOVA for Litter Cover, Point Method. 
Source of Sum of Degrees of Means Test 
Variation Squares Freedom Square Statistic 
Tramp, veg 209.733 6 34.956 1.094 
Tramp 436.133 3 145.378 4.552 
Veg NG 35e03.3 2, 817.867 25.608 
Error 5365.599 168 31.938 1.000 
Table K.3. ANOVA for Rock Cover, Point Method. 

Source of Sum of Degrees of Means Test 
Variation Squares Freedom Square Statistic 
Tramp, veg 43.967 6 72328 1.360 
Tramp 101.467 3 336022 6.277 
Veg 54.344 2 Zeid 2 5.043 
Error 905.200 168 5.388 1.000 





Table K.4. ANOVA for Total Cover, Point Method. 








Source of Sum of Degrees of Means Test 

Variation Squares Freedom Square Statistic 
Tramp, veg 187.700 6 31.283 0.407 
Tramp 2274.067 3 758.022 J.O,02 
Veg 15484.078 2 7742.039 100.626 
Error 12925.734 168 76.939 1.000 





Table K.5. ANOVA for Total Bare, Point Method. 








Source of Sum of Degrees of Means Test 

Variation Squares Freedom Square Statistic 
Tramp, veg 188.544 6 31.424 0.409 
Tramp 2283.972 3 761.324 9.898 
Veg 15474.033 2 BUSt.047 100.587 
Error 12922.399 168 76.9 19 1.000 





Table K.6. ANOVA for Disturbed Area, Point Method. 


CE EEE SISSIES SSS 


Source of Sum of Degrees of Means - Test 

Variation Squares Freedom Square Statistic 
ee i ee ee 
Tramp, veg 290.344 6 48.391 1.633 
Tramp 92034.156 3 30678.052 1085.162 
Veg 292.811 2 146.406 4.940 


Error 4978.800 168 29.636 1.000 


i 


Table K.7. ANOVA for Vegetative Cover, Cell Method. 











Source of Sum of Degrees of Means Test 

Variation Squares Freedom Square Statistic 
Tramp, veg 215.824 6 Seal 1.277 
Tramp 322.981 3 107.660 3.822 
Veg 10018.684 2 5009.342 TIPSST3 
Error 4732.978 168 28.172 1.000 

Table K.8. ANOVA for Litter Cover, Cell Method. 

Source of Sum of Degrees of Means Test 

Variation Squares Freedom Square Statistic 
Tram, veg 213.419 6 38.570 1.383 
Tramp 240.665 3 80.222 2-877 
Veg 1562.647 2 781.324 28.016 
Error 4685.237 168 27.888 1.000 

Table K.9. ANOVA for Rock Cover, Cell Method. 

a ee eee 
Source of Sum of Degrees of Means Test 
Variation Squares Freedom Square Statistic 
ee ee ee EE 
Tramp, veg 27.405 6 4.568 0.949 
Tramp 54.101 3 18.034 3.745 
Veg 51.543 2 25.772 5ea52 
Error 809.031 168 4.816 1.000 


Table K.10. 


ANOVA for Total Cover, Cell Method. 














Source of Sum of Degrees of Means Test 

Variation Squares Freedom Square Statistic 
Tramp, veg 261.003 6 43.500 0.572 
Tramp 1507.361 3 502.454 6-604 
Veg 17543.080 2 8771.540 115.295 
Error 12781.268 168 76.079 1.000 

Table K.11. ANOVA for Total Bare, Cell Method. 

Source of Sum of Degrees of Means AWetshe 
Variation Squares Freedom Square Statistic 
Tramp, veg 257.640 6 42.940 0.595 
Tramp fo2Ie232 3 509.744 7.069 
Veg 17435.527 2 8717.763 120.898 
Error 12114.173 168 72.108 1.000 

Table K.12. ANOVA for Disturbed Area, Cell Method. 

Source of Sum of Degrees of Means wtest 
Variation Squares Freedom Square Statistic 
Tramp, veg 414.719 6 69.120 Pesat 
Tramp 102677.864 3 34225.995 1st 
Veg 4968.980 a 142.702 4.825 
Error 168 29eaF7 1.000 





Table K.13. ANOVA for Plant Diameter. 








Source of Sum of Degrees of Means Test 
Variation Squares Freedom Square Statistic 
Tramp, veg 78.314 6 13.052 1.436 
Tramo 83.570 3 27.857 3.067 
Veg 9047.347 2 4523.673 497.684 
Error Tea Cage he) 168 9.089 1.000 





Table K.14. ANOVA for Plant Height. 


-_—_—_—oooo sn ee eee nn cnn 


Source of Sum of Degrees of Means Test 
Variation Squares Freedom Square Statistic 


eee —- ns eee ee 


Tramp, veg 6.955 6 1.159 1.176 
Tramp 6.961 3 2-320 2.355 
Veg 1261.360 2 608.180 617.319 
Error 165.513 168 0.985 1.000 


Table K.15. ANOVA for Peak Flow. 


ee eSSSSSSSS—SSSSsSsSs— 


Source of Sum of Degrees of Means Test 
Variation Squares Freedom Square Statistic 


ee eeeS—SsSsS 


Tramp, veg, moist 1.450 6 0.242 0.367 
Tramp, veg 5.204 6 0.867 1.314 
Tramp, moist 1.719 <| 0.573 0.868 
Tramp 5.443 3 1.814 2.748 
Veg, moist 1.848 2 0.924 1.400 
Veg 8.650 2 4.325 Ge 550 
Moist 21.365 1 21.365 32.3741 
Error 221.363 336 0.660 1.000 


Table K.16~ ANOVA for Normalized Peak Flow. 


nn nnn EEE EES ESEnSIEISEEEEEEEESSEEEESI SEE 


Source of Sum of Degrees of Means Test 

Variation Squares Freedom Square Statistic 
ee 8 Ee ....__. 
Tramp, veg, moist 0.030 6 0.005 0.247 
Tramp, veg 02293 6 0.032 19501 
Tramp, moist 0.126 3 0.042 2-076 
Tramp 0.119 3 0.040 10977 
Veg, moist 0.034 2 0.017 0.840 
Veg 0.471 2 0.235 11.613 
Moist 0.592 1 0.592 29.256 
Error Gang? 336 0.020 1.000 


ee 


Table K.17. ANOVA for Runoff Volume. 


a 


Source of Sum of Degrees of Test 
— Variation Squares Freedom Means Square Statistic 
Sura nis 
Tramp, veg, moist 4050446.183 6 675074.364 0.311 
Tramp, veg 1327159246 39 6 2211932.106 1.017 
Tramp, moist 40733389.300 3 13577796.433 6.245 
Tramp 230377939.311 3 76792646.437 m be Pe 74 
Veg, moist 764423.372 2 382211.686 0.176 
Veg 66910205.317 2 33455102.658 15.388 
Moist 534794814.678 1 534794814.678 245.985 
Error 730495175.599 336 2174092.817 1.000 


eee SS  ___ 


Table K.18. ANOVA for Electrical Conductivity, Total Runoff Sample 
from Field Data. 


eS 


Source of Sum of Degrees of Test 

Variation Squares Freedom Means Square Statistic 
Serr nnn nn EE 
Tramp, veg, moist 69674.172 6 11612.362 OV457 
Tramp, veg 1955167.439 6 325861.240 4.397 
Tramp, moist 61703.044 3 20567.681 0.278 
Tramp 2740961.178 3 913653.726 12.328 
Veg, moist 88574.206 2 44287.103 0.598 
Veg 300015.072 2 150007.536 2.024 
Moist 313762.178 1 313762.178 4.234 
Error 24901797.334 336 74112.491 1.000 


EE eS SS cnn 


Table K.19. ANOVA for Electrical Conductivity, Time Weighted Sample 
from Field Data. 


OO ————— 


Source of Sum of Degrees of Test 
Variation Squares Freedom Means Square Statistic 


_—_—_—X"vXxX2waeP»xQ(ik mm ———————————— 


Tramp, veg, moist 43246.012 6 7207.669 0.140 
Tramp, veg 1553696.747 6 258949.458 5.043 
Tramp, moist 22a oe ey 7071.677 0.138 
Tramp 1825640.7 35 3 608546.912 11.850 
Veg, moist 41161.660 2 20580.830 0.401 
Veg 180260.685 2 90130.342 g DAD (ash. 
Moist 309337.744 1 309337.744 6.024 
Error 17254366.092 336 51352.280 1.000 


ee 


Table K.20. ANOVA for Infiltration. 


nn 


Source of Sum of Degrees of Means Test 
Variation Squares Freedom Square Sie her shes ie 


—e—T"_—_—o—OC— nn 


Tramp, veg, moist 0.032 6 0.005 0.109 
Tramp, veg 0.442 6 0.074 1.609 
Tramp, moist Wye eS) 3 0.518 11.261 
Tramp 4.330 3 1.443 Se OO 
Veg, moist 0.115 2 05057 1.239 
Veg 1.932 2 0.966 21.000 
Moist 10.878 1 10.878 236.478 
Error 15.518 336 0.046 1.000 


a 


Table K.21. ANOVA for Sediment Concentration. 


—_—_—_—_—_—_—__COOOO SO ee se eee > O hme e—— 


Source of Sum of Degrees of Test 
Variation Squares Freedom Means Square Statistic 


—_————_——_.n—nnnn nn nm nm — — 


Tramp, veg, moist 8811819.444 6 1468636.574 0.365 
Tramp, veg 42604278.333 6 7100713.056 1.762 
Tramp, moist 24538283.056 3 8179427.685 2.030 
Tramp 215125794.167 3 71708598.056 17.799 
Veg, moist 8810833.889 2 4405416.944 1.093 
Veg 52399881.667 2 26199940.833 6.503 
Moist 513348366.944 1 5 13348366.944 127.417 
Error 1353703479.999 336 4028879.500 1.000 


ee eeeeeeeeseSsSSSSSSSsSCSsSFs 


Table K.22. ANOVA for Electrical Conductivity, Chemical Data. 








Source of Sum of Degrees of Test 

Variation Squares Freedom Means Square Stactistre 
Tramp, veg, moist 114065.017 6 19010.836 0.263 
Tramp, veg 2354895.383 6 392482.564 5.430 
Tramp, moist 54842.100 3 18280.700 0.253 
Tramp 2354718 .233 3 784906.078 10.858 
Veg, moist 25961.206 2 12980.603 0.180 
Veg 243612.706 2 121806.353 1.685 
Moist 536540.011 1 536540.011 72423 
Error 24287930.133 336 72285.506 1.000 


ae 


Table K.23. ANOVA for pH, Chemical Data. 


em 


Source of Sum of Degrees of Means Test 

Variation Squares Freedom Square Statistic 
leek eee rs erie oe ie ee eee ee 
Tramp, veg, moist 0.453 6 0.076 ee 
Tramp, veg 3.873 6 0.645 2-324 
Tramp, moist 0.458 3 0.153 0.551 
Tramp 14.184 3 4.728 e032 
Veg, moist 0.008 2 0.004 0.014 
Veg 1.041 2 0.521 1.877 
Moist 0.144 1 0.044 0.159 
Error 93720 336 0.278 1.000 


a 


Table K.24. ANOVA for Total Alkalinity. 


a 


Source of Sum of Degrees of Test 

Variation Squares Freedom Means Square Statistic 
SssiaraenEETrE 
Tramp, veg, moist 65.0523 6 10.942 0.908 
Tramp, veg 90.165 6 15.028 1.247 
Tramp, moist 2450 oe! 3 Toe ht 0.599 
Tramp 106.840 3 Bo.613 2.956 
Veg, moist 3.768 2 1.882 0.156 
Veg 405.531 2 202.766 16.828 
Moist 284.889 1 284.889 23.644 


Error 4048.453 336 12.049 1.000 


EEE vO ’_ OO REE 


Table K.25. ANOVA for Total Dissolved Solids. 


Source of Sum of Degrees of Means Test 

Variation Squares Freedom Square Statistic 
Tramp, veg, moist 0.224 6 0.037 0.504 
Tramp, veg 2-428 6 0.405 5.520 
Tramp, moist 0.070 3 0.023 0.313 
Tramp 2.093 3 0.698 9.514 
Veg, moist 0.046 2 0.023 0.313 
Veg LOs 292 2 0.146 1.990 
Moist 0.517 1 0.517 7-047 
Error 24.651 336 0.073 1.000 


Table K.26. ANOVA for Fluoride. 








Source of Sum of Degrees of Means Test 

Variation Squares Freedom Square Statistic 
Tramp, veg, moist 0.061 6 0.010 0.685 
Tramp, veg 0.483 6 0.081 5-550 
Tramp, moist 0.053 3 0.018 Ve233 
Tramp 0.108 3 0.036 2-467 
Veg, moist 0.000 2 0.000 0.000 
Veg 0.021 2 0.011 0.754 
Moist 0.088 1 0.088 6-029. 
Error 4.904 336 0.015 1.000 


Table K.27. ANOVA for Chloride. 


Source of Sum of Degrees of Test 

Variation Squares Freedom Means Square Statistic 
Tramp, veg, moist 46.982 6 77.830 0.544 
Tramp, veg 60.789 6 10.132 0.704 
Tramp, moist 43619;1 3 14.397 1.000 
Tramp 86.875 3 28.958 2y 0:12 
Veg, moist 206.082 2 103.041 72159 
Veg 437.328 2 218.664 15.192 
Moist 247.175 1 247-175 TIBI 
Error 4836.182 336 14.393 1.000 





Table K.28. ANOVA for Sulfate. 


nn nn ee ee UUUUUUttttdttdEIIUEEIISISSSSSSSSSSSSE RD 


Source of Sum of Degrees of Test 

Variation Squares Freedom Means Square Statistic 
cee eB ett a A a I ce ne ce 
Tramp, veg, moist 96988.438 6 16164.740 0.623 
Tramp, veg 355060.146 6 59176.691 20282 
Tramp, moist 44648.642 & 14882.881 0-574 
Tramp 707792.667 3 235930.889 9.097 
Veg, moist 172954559 2 8647.779 Ge333 
Veg 81487.651 2 40743.825 Veo 7 1 
Moist 51264418 1 55126.418 2-126 
Error 8714119.616 336 25934.880 1.000 


ne ee EEUU IEEE ESEIaSUESESSSSSEanD SERS 


Table K.29. ANOVA for Sodium. 


a 


= Source of Sum of Degrees of Test 
Variation Squares Freedom Means Square Statistic 
ee 
Tramp, veg, moist 43.490 6 7.248 0.349 
Tramp, veg 113.485 6 18.914 0.910 
Tramp, moist 4.142 3 1.381 0.066 
Tramp 212.185 3 70.728 3.404 
Veg, moist 70.327 2 35.164 1.692 
Veg 12526240 2 626.115 30 133 
Moist 542.481 1 542.481 26.108 
Error 6981.421 336 20.778 1.000 


Cee ee ee ___caaEEaEEEE TEETER EE RETR 


Table K.30. ANOVA for Potassium. 


ne 


Source of Sum of Degrees of Means Test 
Variation Squares Freedom Square Statistic 
; 

Tramp, veg, moist 9.401 6 Ved 0.601 
Tramp, veg tees pe 4 6 9.187 ERLE 
Tramp, moist 7.830 3 2-610 1.001 
Tramp 137.5037 3 43.679 16.749 
Veg, moist 9.098 2 4.549 1.744 
Veg 128.022 2 64.011 24.546 
Moist 219.492 1 219.492 84.167 


Error 876.226 336 2.608 1.000 


en 


Table K.31. ANOVA for Calcium. 


——eeeeeeeeee 


Source of Sum of Degrees of Test 
Variation Squares Freedom Means Square Statistic 


or: exe Ss e—oe5<0co eee 


Tramp, veg, moist 249.561 6 41.593 0.056 
Tramp, veg 12345.027 6 2057.504 2.793 
Tramp, moist 108.292 3 36.097 0.049 
Tramp 18536-3814 3 678.771 8.388 
Veg, moist 587.301 Ps 293.651 0.399 
Veg 3313; 463 2 1656.882 2.249 
Moist 4103.596 1 4103.596 Seo 
Error 247506.896 336 736.628 1.000 


Table K.32. ANOVA for Magnesium. 
————— 


Source of Sum of Degrees of Means Test 
Variation Squares Freedom Square Statistic 


—'—-— OO 


Tramp, veg, moist 36902 6 0.650 0.745 
Tramp, veg 15.164 6 Pare A) 2.781 
Tramp, moist 0.841 3 0.280 0.308 
Tramp Sonos 3 11.698 12.875 
Veg, moist 2.767 2 1.384 1.523 
Veg 3-067 2 1.533 1.687 
Moist 296/22 1 290122 Se esile 
Error 305.289 336 0.909 1.000 


—_————  ——reOororjjjjjKa 
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